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ABSTRACT

High blast induced airloads and the structural response of
lifting surfaces are investigated for determining aircraft vulnerability and
safety. Of major interest is the case where the primary structure of the
lifting surface undergoes deformations of an inelastic nature. Structural
response prediction methods, for complctely elastic reponse conditions, are
well documented and quite reliable. However, the methods of evaluating the
structural response must be extended into the inelastic region and verified

through the use of experimentally collected data.

The Ballistics Research Laboratory (BRL) and the Aeronautical
Systems Division (ASD) jointly conducted a. program to .cbtain airloads and

ctructural response data.

BRL photographically recorded the structural response of F-8k4
horizontal stabilizers mounted on a rocket sled and exposed *o a high

explosive blast.

ASD utilized the rocket sled for three tests using instrumented
airfoil specimens but s a result of prohlems enccuntered in the sledborne
instrumentation system, subsequent substitution of the NASA Ground Blast
Apparatus at Wallops Island yielded airloads data. Six tests were conducted
at NASA. The value of the data is limited because of inherent facility
limitations, significant ones being the short duraticn ¢f the shock tunnel

flow and the small amount of explosives whick can be used.

The planform of the ASD airfoil cpccaimens is similsr in configuration

to the B-47 and/or B-52. This planform is used because of the interest in
aircraft of this type involving the flight Mach numbers in the order of 0.8.

The ASD airfoil specimens consist of one airload specimen and
three structural specimens. The airloads airfcil specimen is used in the

collection of airloads data in order to permit investigations of aerodynamic,

phenomena at large peak-induced angles of attack while maintaining relatively
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small airfoil motion. The structural specimens have been designed according
to current design practice in order to investigate the failure modes and
postfailure behavior of typical wing structures.

The airfoil specimens are designed to fail at & particular

station to eliminate any problems which may occur in random failure.

Laboratory tests are performed to determine natural frequencies
and elastic behavior. A structural specimen is then tested to destruction
to determine the applied moment rotation characteristics in the postfailure
region up to a peak angle of rotation of at least 50 degrees.

The experimental data obtained will be used for correlation with
theoretical prediction methods and, later, for the refinement of the
theoretical methods.

This technical documentary report has been reviewed and is

approved.

W." A% Sloan, J@.

Colonel, USAF

Chief, Structures Division
A¥ Flight Dynamics Laboratory
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1.0 INTRODUCTION

This report describes the services supplied by AAT to the
Aeronautical Systems Division (ASD) of the United States Air Force under
contract AF33(616)-7099. These services were a part of the ASD participation
in a joint Army, Navy, and Air Force (JANAF) program to determine the blest
effects on swept-back type airfoils when carried on a rocket propelled
sled. The purpose of the program was to obtain test data that would provide
a partial determinatiou of the pressure build-up and pressure distribution
over & parvicular type lifting surface during the passage of shock waves.

The structural response of these lifting surfaces in both the elastic and post
failure regions was measured. These data will be used to correlate and modify
theoretical prediction methods for determining the vulnerability of aircraft
to nuclear blasts. Another goal of the program was to determine the
feasibility of applying these test methods to project "BIG SEA", a proposed
test program of larger scope.

This report is presented in two volumes. Volume I describes the
design of the rocket sled, the design of the ASD test specimens including
the laboratory test progrem, the composition of both the sled borne and
specimen mounted instrumentation and the effort expended to accomplish the
field test program at Edwards Air Force Base, California, and Wallops Island,;
Virginia. A summary and conclusions are included which pertains to the effort
discussed in this volume. Volume II contains the processed test data
obtained from the field test records by reading the raw data then analyzing,
compiling, computing, and plotting it to give the parameters of interest to
the program. A summary and conclusions are included which discusses the
results obtained from the processed data.

The program was run with the combined efforts of the Ballistic
Research Laboratories (BRL), Aberdeen, Maryland, and the Aeronasutical
Systems Division (ASD), Wright Patterson Air Force Base, Ohio., AAI and *he
Track Division of Edwards Air Force Base, contributed the effert supplied
by ASD. The division of effort was broadly allocated as follows: BRL

Manuscript released by the authors in September 1963, for publication as

an ASD Technical Documentary Report.
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contributed all the effort required to generate the blast induced shock
waves including the instrumentation and collection and processing of the
blast field data. They supplied several fully instrumented F-84 horizontal
stabilizer specimens on which they collected the test data. They also sup-
plied several items of sled borne instrumentation. AAI designed, developed,
and maintained the test sled and the ASD test specimens. They assisted BRL
and EAFB in the field tests of the BRL specimens. They conducted the tests
on the ASD specimens both at EAFB and Wallops Island, Virginias, including
the collection and reduction of the raw data. EAFB operated the test sled,
prepared the test site and supplied the many services necessary to the
operation of a test program at their high speed track facility.

The program began in April 1960, with effort concentrated on the
design and development of the test sled and its instrumentation. The sled
was designed to use electronics and recorders supplied by BRL and ASD and
specimen instrumentation was selected for both the BRL and ASD specimens
that was compatible with this equipment. The sled was delivered in August
1960 and field tests at EAFB began in September 1960 and continued through
April 1961. A total of twenty-three (23) tests were accomplished. Twenty (20)
of the tests were run by BRL on their F-84 stabilizer specimens and three (3)
tests were made on an ASD specimen. Instrumentation problems caused by the
sled enviromment forced suspensiocu of further tests on the ASD specimens
until suitable instrumentation can be developed. Part of the ASD test
program, the airloads data, was transferred to NASA's Wallops Island shock
tube facility, and six (6) tests were accomplished there during July and
August 1961. The remainder of the ASD test program, the testing of the
structural models, was cancelled from this program and tentative plans
made to inciude these tests in ASD's contemplated "Big Sea" program.

The data collected from the tests of the BRL specimens will be
processed and the results reported by BRL. The three (3) tests on ASD
specimens at EAFB did not produce useable results. However, five of the six
tests at Wallops Island produced good data and this information has been
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processed and the results are published in Volume II of this
report.
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2.0 SLED VEHICLE DESIGN
2.1 GENERAL DESCRIPTION
The blast sled consisis of three majJor components. The first of

these is the forward fuselage. This component must provide a readily acces-
sible receptacle for all of the test specimens anticipated in the Joint
ANAF Sled Test Program and Project 'Big Sea. In addition, it must simulate
the aerodynamic regime associated with a typical supersonic aircraft. The
second component is the instrumentation compartment which is located immediately
aft of the forward fuselage. It houses all of the instrumentation necessary to
record the pertinent structural and aerodynamic data for each run. The third
component is the motor cage. For the Mach 0.8 runs this unit acts as the first
stage providing initial propulsion from (1) XM5 motor which is sustained upon
burn out by two HVAR motors. For the Mach 1.5 runs first stage propulsion is
provided by a seven MD-1 motor pusher vehicle. The second stage propulsion
is provided by 1 genie motor which is sustained by two HVAR motors. Having
summarized the function of the various components of the blast sled, the
structural configuration will now be considered in greater detsail.
See Fig. 2.1.1.

An 1/8 inch thick 6061-T6 aluminum nose cone having & 2:1 fineness
ratio is welded to the fuselage body. The internal structure of the nose
cone helps to support the pressure boom which engages the apex of the nose cone.

The cylindrical fuselage body is a weldment constructed primarily
of 5/8 inch thick 5086-H32 aluminum. The fuselage has a slot in its top
4.5 inches wide, 11 inches deep and T4 inches long. The purpose of the slot
is to provide a receptacle for all of the test specimens anticipated in the
Joint ANAF Sled Test Program and Project"Big Sea. Provision has been made
slong the length of the slot for a staggered bolt pattern with holes 6 inches
on center. The bolts are provided to clamp the specimen to the fuselage.
Access to these boltes is facilitated by removable side panels.
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The fuselage body is supported by two sets of slipper legs 36
inches 0/C. Each set of legs consist of four members having a wedge shape
section with an approximate fineness ratio of 3:1. The legs are a weldment
constructed from 3/16 inch T-1 steel plate. The members are bolted to the
fuselage at such locations a&s to carry the large torsional moments in the
most efficient manner, and at the same time limit aercdynamic interferences

to & minimum.

A small compartment is provided in the fuselage between the nose
cone and specimen slot to mount a camera which will record specimen deflec-
tions during sled runs.

An adapter for the F-84 test specimen serves to transfer the
loads acting on the BRL mount to the forward fuselage of the sled. It con-
gists of an aluminum plate 42 inches long, 22 inches wide and 1 inch thick
made of 5086-H32 aluminum which mates with the 3/L inch thick aluminum
plate on the bottom of the mount. The two plates are held together with
eight 7/16 inch bolts. Four inclined aluminum posts welded to the bottom
of the 1 inch plate and bolted to the side of the forward fuselage provides
the resisting couple necessary to carry the bending moment acting on the
specimen. Two aluminum stems are also welded to the bottom of the 1 inch
thick aluminum plate. These stems are inserted in the longitudinal slot
in the forward fuselsge and transfer the horizontal blast load acting on the
F-84 specimen to the fuselage.

The instrumentation compartment consists of two sections. The
aft portion of the compartment has a rectangular cross section 32 inches
wide, 21 inches high and 77.9 inches long. The forward portion of the com-
partment is a transition section 29 inches long, tapering from the 32 inch
by 21 inch aft section to the 15 inch diameter forward fuselage. The struc-

ture of the instrumentation section consists of a skeleton frame weldment.
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The frame is made primarily from 1/4 inch 6061-T6 aluminum angles. Remov-
able honeycomb panels are bolted to the four sides of this frame to provide
ready access to the instrumentation. Several intermediate bulkheads are
provided along the frame to serve as a mounting surface for the instrumen-
tation packages. A secondary tubular truss system runs down the middle of
the instrumentation compartment to help support the static loads when the
side panels are removed. The instrumentation compartment has & gingle set
of slipper legs located at the bulkhead immediately aft of the transition
seotion. The slippe;' legs which are made up from 4130 steel tubing are
bolted to the aluminum frame. Additional support for the inatrumentation
conpartment is provided by'bolted connections to the forward fuselage and
motor cage.

The motor ocage consists primarily of a rectangular truss system
22 inches wids, 21 inches high and 107.5 inches long. The two side trusses
are of the Warren typs, and the bottom truss is of the K type. All of the
trusses are welded up from 4130 stesl tubing. A tension field beam was
provided in the top rlans of the motor cage in order to have a member which
could carry the blast loads and at the same time be readily removable in
order to facilitate overhsad loading of the motors. The motor cage is sup-
ported at its forward and aft ends by a aet of 4130 steel tubular struts
welded to T-1 steel frames. The aft panel of the bottom truss consists of
a welded 1/4 inch thick T-1 torque box which provides a mounting surface.
for the probe brake and the H.M.E. adapter.




2.2 DESIGN

This section is devoted to the analysis of the rocket sled test
vehicle used on the JANAF Sled Test Program and to be used on Project "Big
Sea". The sled will be designed in accordance with the requirements set

forth in Exhibit A of Contract AF33(616)-7099, WADD TR 60~11l7 and supplemental

directives from the project officer. To follow the contents of this
section, the appropriate AAI drawings 2113-04000L~50 should be reviewed,
along with material presented in Sectlions 2.32 and 2.33 aerodynamic and per-
formance analysis.

2.2.1 DESIGN CRITERIA

The following loading conditions and performance characterlistics
are taken from Exhibit A of Contract AF33(616)~7099 and WADD TR 60-117.
These criteria are used as the basls for the stress analysis in the fol~
lowing sections.

2.2.1.1 PERFORMANCE CHARACTERISTICS

The sled shall be capsble of attaining and sustaining the test
Mach numbers of O.4, 0.8 and 1.5. The design of the sled for the Jjoint
progran shall be made utilizing model MSEL NIKE booster units to attain 0.8
Mach no. and HVAR units to sustain the velocity. The sled shall be designed
for project "Big Sea" with minimum modification utilizing MD-1 rocket motors
(212536250) and & pusher vehicle to attain (and sustain, if necessary) the
test velocities.

2.2.1.2 LOADING CONDITIONS

The critical load combinations which dictate the design of various
components of the rocket sled shall be chosen from the Mach 0.8 and Mach




1.5 sled runs, with the associated blast overpressures. It is necessary
tco exercise engineering judgement in selecting the critical load conditions
since 1t 1s not practical to consider all of the runs where the loads are
continually changing with time.

In the analysis of conventional rocket sleds which are not- subjected
to large external loads, it is customary to consider loads which result from
track-induced and/or aerodynamically~-induced sled vibrations. This is
frequently done by assuming a particular (g) level associated with the
vibration. In this program, however, extremely large external loads are
being applied to the sled by the blast. Since these loads are large as
compared with the assumed sled vibration loads, the latter are considered
insignificant and neglected in the load analysis which follows.

1) 1Inertia Loads ~ The longitudinal accelerations and decelerations
along with the associated thrusts are obtained from the performance trajectories
for the Mach 0.8 and Mach 1.5 sled runs. The two critical points chosen from
these trajectories are points of meximum acceleration and meximum deceleration.
(See Section 2.3.2)

2) Aerodynamic Loads - Those losds resulting from the aerodynamic

characteristics of the vehicle shall be imposed upon the structure in com-
bination with the associated lnertia load at the design condition.

3) Blast Loads - The most severe blast condition encountered
during the (BRL) series of runs occurs during the Mission #30, (Ref. 30). This
test run is mwade with the vehicle at rest, and the sled forebody supporting
the F-84 tail. The blast characteristics for this run ere summarized on the
following page, and the time histories of pressure loading on various portions
of the sled are presented in Figures 2.3.11 end 2.3.13.




BRL MISSION NO. 30

SLED VELOCITY Vv - 0

OVERPRESSURE 1 - 17.6 psi
OVERPRESSURE r - i1 psi

IMPULSE i - 164.2 psi - msec
IMPULSE r - 410.4 psi - msec
DURATION D;' - 23.4 msec

L) Design Loads - All structural components of the sled shall be
designed to the limit and ultimate loads as described below,

a) Limit Load - When the limit loads are applied to the
structure and then removed, the structure shall not experience permanent set.
Limit loads are the actual loads multiplied by 1.3.

b) Ultimate Load - When the ultimate loads are applied to the
structure and then removed, the structure may experience permanent set but no
failure will occur. Ultimate loads are the actual loads multiplied by 2.0,

2.2,2 STRUCTURAL ANALYSIS

The following structural analyses have been included to indicate
the structural integrity of the forward fuselage, slipper legs, instrumentation
compartment, and the motor cage sections of the sled. The detailed stress
analysis of many elements has been omitted. However, the method of approach
in considering the dynamic nature of the various loads imposed on the sled

should be evident from the following analysis.
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2.2.21 FOR FUSELAG

The forwdrd fuselage is-a 15" diameter cylinder 119" long.
It is & weldment constructed entirely of 5086-H32 aluminum. This material
was chosen because of 1ts high strength - weight ratio, ease cf fabrication

and the elimination of local instability problems. The main body ds supported

by two sets of slipper legs 36" on centers. The fuselage has a slot in its
top k.5" wide,11" deep and Th" long. The purpose of the slot is to provide

a receptacle for all airfcil specimens anticipated in this, and future projects.

Provision has been made along the length of the slot for a staggered bolt

pattern with holes 6" on center. The bolts are provided toc clamp the specimen

to the fuselage. Access to these bolts is provided by removable side panels
4" ywide and ‘extending between slipper legs. See Figure 2,1.1.

It was necessary to make the fuselage cross-section & closed con-
figuration so far as possible in order to carry the large torsional loads
emaneting from the test specimen, as efficiently as possible. In order tc
preserve the torsional capacity of the chosen section, structural shear con-
nections are necessary between the remcveble side panels and the fuselage.

It is ‘quite difficult to obtain an exact solution of the response
of the fuselage to the dynamic blast loading. To éimplify the solution the
following assumptions were made:

A. The main body of the sled is hinged at slipper #2.

B. The effect of the nose cone csn be omitted when determining
the response of the forward fuselage.

The time function of the blast ioad may be approximated b
o triangular shaped impulse. :

1. Thé response of the forward fuselasge may be approximated
by a single degree of freedom system such that:

11
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1. The characteristic shape of the actual system may be
approximated by the deflected shape under a uniform
loading.

2. The external work done by the equivalent system is
equal to that done by the actual system.

3. The kinetic energy of the equivalent system is equal
to that of the actuasl systen.

The slipper leg supports will be considered as being rigid.

The actual failure loads for the F-84 as given by BRL will
be multiplied by the same D.L.F. that is found for the
uniform blast loading on the side of the fuselage.

The most severe blast load experienced by the sled occurs
during mission #30. During this load the sled is at rest,
and will not experience any inertia or aerodynamic loads.

Assume the shear load in the forward fuselage is equal to
the peak load applied statically. This is conservative
since the magnification factor will be somewhere between
0.9 and 1.0.

Assume that the 898000 in-1b torque applied to the sled
fuselage by the F-84 wing is divided equally between the
first and second sets of slipper legs. A D.L.F. of 2.0
will conservatively be applied to this torque in view of
the difficulty of a torsional dynamic analysis.

12




LOADING CONDITIONS - ACTUAL

The blast load on the side of the fuselage will be approximated by
an equivalent triengular impulse. See Aerodynsmic Section 2.3.3, Figure 2.3.13.

P, = %.8 psi

Differential
Pressure

+
D’ = 2.5 msec
P

EQUIVALENT TRIANGULAR BLAST IMPULSE

The blest pressure loading emenating from the F-8k wing will be -
applied at the centerline of the sled body. This loading was supplied by BRL.

Blast

16400 1b. 31500 1b.
)

898000 in-1b

fam ) 17320 1b .
=G Er
Blest 32420 1b. 1

v

-
A %21

PLAN VIEW OF FORWARD FUSELAGE AND APPLIED LOADING CONDITIONS
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COMBLNED LOANG ON FORWARD FUSFLAGE

17320 1b
a 16400 1b 31500 1b
- 30 A 11l-" 8"
W= 552 1b/in |=e -
_gr”";—“‘irﬂvﬂ1 y l 4 A ¥y y
A
79 i . 1 36 1 ‘rv -
96120 1b 8510 1b

The 17320 1b load is due to the blast loading acting on the

BRL Mount and Adapter

w = 3.8 x 15.0 = 552 1bs/in.

Shear Diagram 2759 1b
11190 1b

8290 1W8910 1b

/

Moment Diagram

794500 in-1b

82900 in-1b

59890 1b

23970 1b

55470 1b

- 1006500 in-1b

.

8510 1b

1%




RESPONSE QF FORWARD FUSELAGE

The procedures used here for obtaining the Dynamic Load Factor
(D.L.F.) are outlined in Ref. (16), Sec. 7.5. The loads on, and stiffness of
the nose cone will be omitted.

Solution for the Characteristic Shape of the Forward Fuselage

Load Diagram
w (t)
a b 4 q
100.2 w V 15.2 w
-~ 49 —— ¥ ~
! 1
ConJjugate Beam 1200 w
ET
1 00 w
ET
('j o \
f 3240 w ninge 5100 v
T . 1
Deflection of the Span be, origin @ ¢ x*—;
A

X

2

I [S(J.ia x4 2= ) (x - x ) a'- 5000 x:l
]

3 b
b= (2820 1 o)

Deflection of the Spen &b, origin @ a a F———p.
X X

w ,x’z a '

A&b = -E-I— 1331‘500 - 321402( + -é— (X - X ) ax

4

N
w X
Ay = <1331+500 - 32140x + 51;—-)

15




Deflection of the point a is
bg = 'E_;L 1334500

w= Aa EI
1334500

Hence, the deflections bf spans bc and ab can be written as:
3 b4
Ape = <_+_1262¢ v - s00x) __As
1335500

N
A= (1331600 - 32140 x  +x Ag
ab P 1334500

Solution for the Load Factor ( KL )
Total work done by actual load 1s
L
wa = S w Aac ax
o 2
Aag  ax

49 L
w X
W, =3 S(lsahsoo - 32140x + o ) 13500

(]
%
3 L A
v 15.2 x X S8a d&
+TS<‘ 5 * % '51°°"> 133500
[+]

W, = 10.62 v, b,

Total work done by equivalent load is
W = Ve 85 Ae
€ 2

16




But, from the previously listed assumptions,

w&=we,and Aa= Ae

Hence,
10'62waAa = %5_ v A
we = 0.25 wa
or KL = 0.25
Solution for the Mass Factor (%)

velocity of span ab Proportional to A

d L
Vap = T (1334500 - 32040 x + %_) K

Vo=K w 133500 (x = 0)
EI

+

Vo= __'a (133500 - 32140 x + x

)
1334500 2
velocity of span be
3 4

V. = w (+ 15.2 x + X - 5100 x)
L 3 N

A 3 4
V. = a (+15.2x%x7 &+ «
ammse T BT T g - s100%)

Total Kinetic Energy of the actual system 1s:
L

2
KEau Sl/zmvacdx
[+]

17




X 42
12 m A

a8 8\ [u3h500) - 64280 x + x4 77b 42
]
_ 3aiko x + % dx
SEoTiOR m] 1334500
v, m, (% 6 L8
+_ a'a T
(6.41 x° + 15.2 x - 25840 x + x
2 0 75 5%
- 5100 _5 2.2
S5 X (51.00)¢ x 3 d}scoo
2
Vv m
KBg= _8_ 8 (90.57.84+ 3.53 + 22.70 - 3.47 4 0.18

2
+ 0,04 + 0,042 - 0.175 + 0.012 - .0865 + 0.227)

2
K°E'a =T.1 V a T

The Kinetic Energy of the equivalent single degree of freedom
system is 2

1 2
K.E.e = =5 MeVe = 42,5 meVe

but, from assumptions
K'E'a = K.E.e & Ve = Va

2

7.1 vﬁ m, = ¥2.5 m v

m, = .167 m,

Km = 0.167

18




Solution for the Spring Constant of the Equivelent System

w .85 BI (0.25) EI . fen
Ke = 1334500 = %3000 ibfin

E=10x 106 psi

I= 870 inu
K, = 1.66 x 106 b/t
m, = 5.7 1b/in

(5:75)(85)(0.167) 2
M, = 5 32?2 0:-167) . 2,54 1o-sec?/rt

Solution for the Natural Period of the Equivalent System

2.5
T, = aw”;e = 27’,1. ]ixlo :
e

Tp = .00776 Sec.

From the D;.!/’I‘“ ratio,
. 002
+ = = .
DA/ Tn ~007 7 322

and Figure 7.1l, Reference (16), the Dynasmic Load Factor (D.L.F.)
is found to be:

D.L.F. = 0.9

The forward fuselage 18 now analyzed as a structure under static
loading using the above D.L.F. = 0.9; the critical section to be analyzed is

locnted at the forward set of slipper legs.

19
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TYPICAL CROSS SECTION OF FORWARD FUSELAGE
Y

3/8"

Removable
Panel
ane 1/2¢ Bolts
I i 2" 0o/C Typ
5/8" 5086-H32 :
S 3/8" T-1 Steel
Y
TORSION

Assume Forward Slippers take 1/2 of Applied Torque; D.L.F. = 2.0

M, = (2.0) (922999) (1.3) = 1,168,000 in-1b  YIELD

fs=M‘t
2At
¢ = 1158000 = 8500 psi YIELD

8 " (2Y(310)(.625)

Fsy = (17500)(0.9) = 15750 psi (After Welding)

BENDING

Mby = (0.9)(1006500) (1.3) = 1180000 in-1b YIELD

A = 116 in3

7 180000

SO 1 -

fby = ==_3— = 10180 psI

Fby = (28000)(0.9) = 25200 PSI  (After Welding)
SHEAR

The shear on the 5/8" aluminum web at section Y-Y will be

checked by transforming the steel to aluminum. (i.e. the web thickness of the

20
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steel I beam will be increased by ratio of Est/EAL = 3).
vV = (1.0) (59890)(1.3) = 77800 lb. YIELD
£f =

Ve - ngoo x 86.7
8 Ibtransformed 70.6 x 1.750
where:
b= .62+ 3 (.375) = 1.75 in.

Q = Static moment of transformed cross section about Y-Y axis

I = Total moment of inertia of transformed cross section
about Y-Y axis.

£, = 4420 psi YIELD
Checking the combined stress at the aluminum panel.

Rb = &1_. = 10180 = .hoh

Foy 25200
£
R a8 o 8500 _
#  Fgy rs0 = 0

The margin of safety is computed to be

M.S. = 1 - 1.0 = +0.48
(.h0k)2 4+ (.540)2

Checking the combined stress at the aluminum shear web

£, = 8500 + 4420 = 12920 psi

Fsy = 15750
The margin of safety is found to be
- 22020 | -
M.8. 15956 1.0 = +0.22

Shear Connection Between Removable Door and Fuselage
(AN-8 Bolts 2in. o/c)

v = 2(5/8)(8500) = 10620 1b/bolt  YIELD

Allowable Shear on the Bolt (single shear)

Vgpp = 12100 1b.Yield Ref. 20, Table 8.1.1.1.1. {a)
M.S. = %g% - 1.0 = +.14

2l




2.2.2.2. SLIPPER LEGS

Two sets of slipper legs on 36 inch centers support the forward
fuselage. Each set of legs consists of four members having a wedge shape
built up from 3/16 in. T-1 steel plate. The T-1 steel plate was chosen
primarily for its weldability, rigidity and high strength-weight ratio.
The wedge shaped sections were chosen toc minimize drag and interference
effects on the test specimen. The members which are approximately 33 in.
long are bolted to the fuselage at such locatlions as to carry the large
torsional moments in the most efficient manner. 1In analyzing the slipper
leg configuration, the fuselage was assumed to be & rigid body, and the
ends of the legs were assumed to be pinned at the slippers and at the
fuselage. When computing the equivalent L/p for the slipper legs, & fac-
tor of 0.8 was applied to account for the partial fixity at the fuselage.

SLIPPER LEG LOADING IN TERMS OF A UNIT MOMENT M

22




SLIPPER LEG LOADINGS IN TERMS OF A HORIZONTAL FORCE H

RESPONSE OF FORWARD SLIPPER LBGS

Assume the legs act as & spring and the mass of the system
is concentrated at the C.G. of the fuselage. The lateral and rotational
response will be considered independently.

LATERAL RESPONSE:
Spring Constant:

Ko ——t—— o 5.55x 10° 1b/in.
2
AE
where: A = 2.40 sq. in. L = Length of Member
= 30 x 106 psi
= bar force due to a unit load (H)
Mass:

The weight of the forward fuselage and F-84 wing and mount
acting on the farward slipper legs will be taken as 950 lbs.

} 950 . sec?
m = 355 x 15 = 2.6 1b-sec/in.

23
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Natural Period:

m 2.46
Tn = ZVJ_-IE- = 2T m

T, = 0.00417 sec.

Dt = 0.0025 sec.

p
+ 0025
¥, . = 0.
»/r, = ook " ° 60

D.L.F. = 1.20 from (Ref. 16, Fig. 7.11)

TORSIONAL RESPONSE

Spring Constant:
Where:

A
Ko oez——a= 316 x 1° in-1b/rad E
L
u

1
7wl
E

A

Moment of Inertia (Mass)

2 2
- ¥ D %0 .%il. - Sec’.
1= £ 5 %gg = 69.4 Lb-Sec®-in

Natural Period:

I , 69.k
Tn~27r)/—-ﬁ_= 2T T8 % 1

0.00294 sec.

T
n

DI:' = 0.0025 sec.

pt  _ 0.0025

? /T = 0.002 = 0.8
n

D.L.F.

1ko from (Ref. 16, Fig. 7.11)

24

2.40 sq. in.
30 x 106 psi
Length of Menmber

bar force due to a
unit moment (M)




SLIPPER LEG LOADING
Torque:
M, = (898000) (1.k) (2.0) = 2515000 in-1b ULT
‘Hoxrizontal Force:
H= (9%120) (1.2) (2.0) = 231000 1b. ULT
Member EB (Minimum Section)
P= (.0466) (2515000) + (.358) (231000)

P =199,900 1b. ULT ma1 3/1 '——‘TF

- L 2.0"

Xl

b

[ e ;}

Section Through Slipper leg

at the Slipper
A = 2.1 8q. in.

Y= 0627 in.

I = 1632 in-h

px ™ .68 in. P" radius of gyration

Use average value of
fixity factor of 0.8.

P for meximum and minimum section and an end

25




Compression:

- 199900 _ .
fc 2 11 94740 psi  ULT

Le 26.0 x O. -
Pav - 0.712 29.2
Fc = 105000 psi T-1 (Reference 31, Figure 20)
_ 105000
M5 = 94700

Member EB (Maximum Section)

= +0.11

Bending: Due to longitudinal inertia of slipper assembly; assume
25.0g (actual). Assune each slipper leg carries 1/2 the longi-
tudinal inertia load.

< 25 x 84.6 x 31.5 x2.0

max 2
M = 66600 in-1b/strut ULT
max -1 3/1
y /‘// ‘f
|/,/‘ //i i
x ; |2.5
el T R
y x %
. . 4 ol
‘ ‘ ' 6.0 =1
Section Through Slipper Leg at the
Fuselage
A = 2.69 sq. in.
Y = .780 in. X = 2.53 in.
I =1.70 in® I =9.83 in
X y
P, = 796 in. Z = 2.83 in’
X y
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-

. _ 66600

]

v = 583 23500 psi  ULT
Fy = 115000 psi ULT (Reference 31)
Compression:
., = 1‘-29928-0 = 74300 psi  ULT
Le _ 29.2
Pav
F, = 105000 psi ULT (Reference 31)

Combined Stress:

Assume maximum longitudinal inertia load and side blast load are
avplied simultanecusly (conservative)..

£
c 300
F- = 105000 = 708

[

o

b _ 23500 _
¥, ~ 115000 = 2%
M.S. = +0.09

a7




e

CONNECTION OF SLIPPER LEGS TO FUSELAGE

164800 Lb

121000 Lb

CONNECTION E

8 - AN1O Bolts

¥+ ]+
'.‘_
1.37?11‘ __}_ -—F— _4_ h—+—
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TENSION ON BOLTS

164800
T = —=g— = 20600 1b  ULT

SHEAR ON BOLTS
ve R . 95130 w ure
BENDING:
Agsume linear stress distribution in bolt pattern
66600 = 16.4 P
P = 4060 Iv vULT
COMBINED LOADS
s M.S. = = 5~ - 1.0 = 40,045
(21&660) + (15130)
30100 23005

CHECK SECTION z-a FOR BENDING
Assume % the capacity of the section is developed at the bolt
line due to clamping action of bolts.

82400 i1b

M ( ,f i Wa
}_.‘_43_72'_.,;.1 82400 Ib

_ 82400 x 1.375
IS

M = 75500 in-1b ULT

2 2

ZP= .E%‘ = é_@é_h(__s_?_?l_ = .805 in’ {(Plastic Section Modulus)
5500 _

fb = 7365— = 93800 psi

F, = 115000 psi

115000
M.S. = ~53800 - 1.0 = +0.228
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2.2.2,3 INSTRUMENTATION COMPARTMENT
The instrumentation section has an overall length of 106.9 inches.
The aft portion of this compartment has a rectangular cross section 32 inches
wide, 21 inches high and 77.9 inches’ long. The forward portion is a trans-
ition section'29 inches long, tapering from the 32 by 21 inch aft section to
the 15 Pnch diameter forward fuselage. The primary structure of the instru-
mentation compartment consists of removable honeycomb panels and four lon-
gerons in_ the corners of the rectangular section. The top honeycomb panels
are 3/4 inch thick and the side panels are 1.125 inches thick, both having
.064 inch 2024-T3 aluminum facings. The longerons sre 1} by 1% by % inch
6061-T6 built up aluminum aengles. This type of construction was chosen
because of its high strength-weight ratio, weldsbility and the accessibility
it provides to'service the instrumentation.
The maximum design load acting on the primary structure is the
kb ps‘:!. reflected blast load which occurs while the sled is at rest. The
instrumentation compartment is treated as a simpls supported beam at sta-
tions 151.C and 238.5. The response of the system to the dynamic blast load
is approximated by converting the beam to an ‘equivalent one degree system in
accordance witﬁ the theory presented in Reference (16) and applying a tri-
angular load having the same maximum amplitude and initial decay slope as
the actual load.
" A secondary tubular truss system runs down the middle of the
instrumentation compartment to carry the 1 g loads which occur when the
side panels are off.
Four bulkheads are provided along the compartment to mount the
instrumentation. These bulkhedds must take the longitudinal, lateral and
vertical inertla loads acting on the instrumentation. '
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SLP #3 SLP #4,

* o 9 3 . 20K 2 v

"
» 87.5

= L

ASSUME LOAD DISTRIBUTION ON
INSTRUMENTATION COMPARTMENT

WEIGHT
Instrumentation 650, 1b
Structure _h;,o__
110
Y
| VA AN NP [AVAVA')
§G% x x4 An’gf.e bIS
q v
X B _+_ I ~
| >
3 >
hy
L : e
AV AWVAW] VAYAVA K
| Y ]
iy 32" >

TYPICAL SECTION OF INSTRUMENTATION
COMPARTMENT BETWEEN SLIPPERS #3 & #
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Assume instrumentation compartment structure has a constant moment
of inertia, and assume the weight is uniformly distributed.

Moment of Inertia: I

y
Side Panels: 2.0 x 2.69 x (15.5)2 = 1290
Top & Bottom Panels: —0-?—561—-7(?19—2 = 575
Longerons: 2.0 x 1.375 x (14.5)% = 578
Edge Member: 2.0 x 3.58 x.(15.5)% = 1720
Edge l;{ember: 2.0 x 1.88 x (11+.25)2 = 76k

' I, = et 1n*

-Assume aft instrunmentation section is simply supported beam at
slippers #3 and #i. '

Equivalent System:

Mass: Me; ’3%1.*% x 0.5 = 17.70 1b-sec_2/ft
3BUET . Ky (Ref. 16, Table 7 1)

Spring Const: X, = =
5L

3B x 1W0x 106 x 927 x'0.64

e 5 x (87.5)°

K, = 3.62 x 106 1b/in. or 43.5 x 106 1b/ft
Natural Period: )

T = 2T ;‘3

e

17.70
T =27 ’—-—-————6 = 0.00401 SEC
n 43.5 x 10
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Load Duration (See Aerodynemic Section 2.3.3, Fig. 2.3.10)

_D';' = 0.00% seconds

Dt _ .00k
Pl = —Sger— = 1.0

< D.JL.F. = 1.60 from Fig. 7.1l Ref. (16)

Wy
Differentisl pel

Pressure

D','; @ b4 meec
we 21 x U4 x 1.3 = 2200 1b/in (yield)
Bending:

a 1.84 x J.o6 in-1b (yield)

1.60 x 1200 x (87.5)°
Moex = g

Assume only the longerons and edge members carry the bending

/ | - /\ l%—xS/B

1x2 aozu-mw__\L { \/ e
——————J 06l TYP

202Lk-73

stress.

1 1 1
| lEXl‘E-xE 6061-‘16

N

CORNER STRUCTURE CF INSTRUMENTATION COMPARTMENT
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Moment Carried by Longerons
M = 16000 x 1.38 x 29 = 640000 in-lb

F, = 16000 psi (after welding) (yield)

ty
Moment Carried by Edge Member Side

M, = 40000 x 3.58 x 31 = L4LOOOO in-1b

FTy = 40000 psi 2024-Th (yield)
Moment Carried by Top and Bottom Edge Member
My = 40000 x 1.88 x 28.5 = 2140000 in-1b

FTy = 40000 psi 202k-Th
1.5, « 200 - 1.0 = 42.92 (yiela)
Sheaxr:
V = 0.39 R + 0.11 "(Table 7.1, Ref. 16)
V=20 [(0.39 x & x 21 x 87.5 x 1.6) +
(0.11 x bk x 21 x 87.5)]
V = 119000 1b ULT

Assume shear diagrem varies linearly between siippers #3 and #:.

119000 Lb
T
]

b 12"

11900 Lb
87. 5t

SHEAR DIAGRAM FOR INSTRUMENTATION COMPARTMENT
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Assume faces of top and bottom panels carry shear.
V = 119000 1b. ULT .

A = T.66.8q. in.
£g = % = 15500 psi

F 40000 psi ULT 2024-T3 facing

8

40000 -~
M.S. = TE500~ - 10 = +1.56
Connection of Side Panel to Longeron

v< Y9 _ 119000 x 3.58 x 15.5
I 3062 x 2

v

H

1078 1b/in/side ULT

Use 3/8 inch bolt, 6 inch ofc. (Beering not eritical)

Veyp = §%8'L = 1380 1b/in ULT
M. = 1300

= l—'o'.?g- ~ 1.0 = +.28

Connection of Top and Bottom Panel to lLongeron

v Yo 119000 x 75.5
I 3062 x 2

v = 1470 1b/in/side ULT

Use 3/8 inch bolts 4.75 inch o/e

8280
Va1 = kg5 = 1740 1b/in  ULT

_ 170 B
M.S. = iz - 1.0 = +.118 ULT
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Connection of top and bottom panel to flanges of fore and
aft bulkheads.
V = 119000 Lb ULT

Use 3/8" Bolts 3.5" ofc

Vll1 = 8280 x 18 = 149000 Lb ULT

M.S. = 149000 _ 1.8 = +0.25
119000

SIDE PANELS
Assums Panels are simply supported

\\\\ Ribbon. ? ’
direrfion
~ - o/y = .87
a= 20"
e .
i-n——— A L — 2024-T4 Faces

j— 064"

AVAVAVANES

064
SECTION THROUGH SIDE PANEL
- 2 b
I = 2 x .0A4 (.532)° = ,0362 in /in
Wt. of Panel
Faces 5.9
Core 4.2
TOTAL 10.1 1b.




Equivalent System (Ref. 16, Table 7.4)

Mass: M_e = Mt . K

. 0.1 x .37 2
Me = '—3—27— = 0.116 lb. sec /ft
Spring Constant: Ke = au2 EIa * KR
—_—
a
K =242 x10x 1P & 0%2
e (20)2
Iy
Ko = 10.30 x 10* 1p/,,
_ 5
K, =12.35 x 107 1v/rt
Natural Period.
T =277 [ M
n K
e
T = 27rf°-ll6 = .00192 Sec.
n 1235000 o Sec
R =1/g (12 Mg + 11.0 Mo )
n = W
P 2.7
D+ = ,004 Sec.
P
D+ _ . 004 _
P/t = Soigg— = 210

n

D.L.F. = 1.80 (Ref. 16 Fig. 7.11)

n = 1:80 x 460 x bk x 1.30
P 24.7

= 1920 1n-1b/in (Yield)

Z= -'%3% = .0643 1n3
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t, = 1920 = 29900 psi (Yield)

L0643
Fty = 40000 psi 2024 - T4,  (Reference 21)
M.S. = 40000 = + 0.3

29900

Use 15.8 Lb/cu.ft. core
1/8" Cell Size
.004" Foil Gauge

Shear Strength

* %See Honeycomb Corp.
Fs = 1575 psi Longitudinal of America Design
. Data.
¥ .
Fs = 882 psi Transverse
Shear:
vV, = 0.06 P +0.16 R (Ret. 16 Teble 7.4)

v, = [50.06 (460 x 44) + .16 {460 x 44 x 1,85] 2.0

V, = 14100 Lb ULT

f = 100 = 705 psi ULT
s 20 x 1p0

Vg = 0.08P ¢ 0.20R

<3
]

B ‘:0.06 (460 x 44) *+ 0.20 (460 x 44 x 1.8ﬂ 2.0

<3
n

17000 Lb ULT

B
£ = 17000 __ = 740 psi ULT
8 23 x 1.00
M.S. = 882 - 1.0 = +0.19
740




Deflection:
A = 1.8 x 460 x 4, = 0.163" (Actual)
hax 224,000

Actual deflection will probably be larger due to shear
deflectlon, vhich vas neglected.

'WOr AND BOTTOM PANKLS

b———— o = 30" !

, - e
JAVAVAV/(E
75"

y 4 AR
Lo
SECTION THROUGH TOP AND BOTTOM PANELS

I = 2 x .064 (33)%= 0150 i/,
Equivalent System '

(Ref. 16, Table T7.4)

Mass: M _ = 118 x .35 = .128 Lb-sec”/p,
32.2
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Spring Constant:

228 EI
kK, = S0 K
a
_ 228 x10°x 100 x L0151 x .49
e (23)=

"
. = 3:19x 107 b/,

Lol
L]

38.3 x 10lL Loy
£t

~
|

Natural Period

T = 2'rr’ .128
n Bow— = .00363 sec.

The top and bottom panels will feel the side-on positive
overpressure for 23.4 msec decaying expomentially. The dynamic overstress
factor will conservatiively be taken as 2.0.

D.L.F. = 2.0
R=1/, (12 Mg, +10.3 Mpb)
op = R/25.5-
mp = 2,00 X 690 x 17.6 x 1.30
25.5
in-Ib/

n, = 1237 in (Yie1d)

0151 3
Z = —'3% = .0k02 1n/in

£ = 12

" Ghoz- = 30700 pei (Yield)

F,,y = 40000 psi (Yield)

4o




M5, = _40000_ - 1.0 = + 0.302

30700
Shear:
Vy = 0.06P ¢+ 4R (Ref. 16 Table 7.4)
v, = [0.06 (690 x 17.6) + .14 (690 x 17.6 x 2.0{, 2.0
V, = 8260 Lb ULT
£, = 0 = 57, psi
23 x ,625
Vg = 0,081+ ,22R

<
i}

B E).os (690 x 17.6) + .22 (690 x 17.6 x 2..0):] 2.0

<l
1l

B 12620 Lb ULT

f = = 674 psi
30 x .625

Use 11.9 Lb/cu.ft core
1/8" Cell Size
.003"  Foil Gauge

Shear Strength

Fs = 1108 psi Longitudinal
Fs = 633 psi Transverse
MS., = 633 - 1.0 = + 0.102
Deflection 574 »
& x T 20 ;6§51ﬂ003 17,6 = 0.373" (Actual)

by




2.2.2.4% MOTOR CAGE

The motor cage has an overall length of 107.5". Its rectangular
section is 22" wide, 21" high and is located behind the silhouette of the
instrumentation compartment in order to minimize drag. The section is
supported at its forward and aft ends by 4130 steel tubular struts. The
main longerons are built up 1/4" thick T-1 boxes. The primary design

loads come from braking at Mach 1.5, and compressive loads from the 7
genie pusher. The side truss web members are 2" 0.D. 4130 steel tubing
and they carry the shear loads associated with breking and vertical vi-
brations. A tension field beam in the top plane, and a welded steel tubu-
lar truss in the bottom plane provide the necessary shear capacity to
carry the side blast pressures. The aft panel of the bottom truss consists
of a welded 1/4" thick T-1 torque box which provides a mounting surface for
the probe brake and transfers the braking loads into the side frame., Dur-
ing the Mach 0.8 runs the probe brake will be used without any tie rods.
During the Mach 1.5 run the HME-6 water brake will be iised, or the probe
brake can be run if tie rods are added to transfer braking loads more ef-
ficlently.

The aft frame of the motor cage is a combination rigid frame and
truss., The top portion of the rigid frame is removable, in order to permit
overhead loading of the motors. Seat clips are attached to the frame to
provide motor support. The principal design load for the aft frame is the
side blast loading.

The forward frame of the motor cage consists of a truss system
to carry side blast loadings. Motor thrust is taken out in beam actiocn
by the top and bottom truss members.
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Braking Load @ Mach 1.5
Z2s oAd @  Mach 4.5

Probe Brake and Tie Rod
Braking Force = 87700 Lb. Applied

B -10400 I -31200 J -38230 K -30100 L

]
81
={%
| ®)
57100 1b
. +87700 .
87700 1v I . G
14700 b
14700 1b
ULTIMATE LOAD DIACRAM FOR ONE SIDE OF
MOTOR CAGE TRUSS
Member AG OR
Load = + 129300 Lb. ULT {(Tension)
A = 1,934,
/b T - e ' £, = 129300 = 67000 psi
1,93 ’
+ 2-3/8 1n
FT = 115000 psi
M.S. = 115000 - 1.0 = 0,72
67000
~——2 1p ——
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Member HL - Pusher Load Controls (7 Genies; 25g Acceleration)

Ioad = 7 x 33600 -u25 x 3280 = 36300 1b. (Applied)

l/l"l'“ T"l ——e] |t 2I|

R e i |

gxgical Webs
Load . = -18000 1b.Ult (Comp.)
Use 2" 0.D. .065 W. Thk.
A= 0.395 in®
_ 18000
f,= o = 45500 psi
L .15 x 23k
6= ess " 25.6
Fc = 67000 psi

67000
M.S. = 11%'5'% - 1.0 = 40.47

Lk

P = 2.0 x 38300 = 76600 1b. Ult.

A= 1.75 in°
76600
fc = T = 43800 psi

Fc = 105000 psi

_ 105000 _
M.S. = 11-386_0_ - 1.0 = +1.40

4130 Steel




Msmber FL
Load = + 52000 Lb. ULT (Tension)

Use 2" 0.D. 0.12 W.Thk. 4130

A = 0.709 1n?

h

£, = 32000 = 73500 psi

0.709
F, = 84000 psi
M.S.= 84000 - 1.0 = + 143
73500
Member GL
Load = -424,00 Lb, ULT (Comp)
A= 1,75 :Ln2
1/4"1‘1.-‘ e o .
£, = 42400 = 24200 psi
1.75
F, = 105000 psi
2n M.S. = 105000 =~ 1.0 = +3.34
- — 24200

Blast Loading on Side Truss Member

Due to the small size of the members only the dynemic effects
of the shock front will be evaluated.

See Ref. 16 Sec. 11.2
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Leeward Windward

Truss Truss
—f— Blast
-
n= 21" Migsion #30

o e

Solidity Ratio:

G = _Z.4 = 0,3
21.0

Drag Overpressure Windward Truss

Py = Cyq (See Ref. (15) (Fig. 11.33)
Pp = 1.6x7.0 = 11.2 psi

Drag Overpressure Leeward Truss

Py, = Cpa (See Ref. (16) (Fig. 11.34)
PD = 0.58 % 1.6x7.0 = 6.5 psi

Total Load on Truss
w = (11.2 + 6.5) 7.4 = 131.2 Lb/in (Actual)

Dynamic Response of Truss to Side Blast
Moment of Inertia of Truss Members

I = 2 x 3.69x (10.0)2 = 738 in® (Conservative)

ITe)




Equivalent System:

. _ 360 x 0.5 _ 2
Mass: M, = T—gz—5= = 5.59 1b. - sec /ft
Spring Const. Ke = 38k EI x KR :
5 x L3 !
K = 38L x 30 x 106 x 738 x 0.64 ‘
c 5 x (108)3

K = 0.862 x 10° b/, or 10.35 x 10° b/
e . in ) biad

Natural Period
T =2T _Me

£
e
5.59
T =27 SRy = .00k6 sec.
n y 10.35 x 10

The load will be applied for 23.4 msec decaying exponentially.
The dynamic overstress factor will conservatively be taken as 2.00.

D.L.F. = 2.00

Bending Stress in Chords Due to Blast Load

W, = 131 x 2.00 x 1.3 = 341 Lb/in (Yield)

Wy = 341 Lb/In

| y ' 4 Y 4 1 y 4
A A
18400 1.l 108" 18400 1b.
2
_ 341 x (108)° in-Lb
Mox = —F———— = Lg7000 (vield)
L

W7




Chord Stress

£ = Ymax Where:

b €A @ is arm between trusses
¢ . L97000 A is combined area of
b~ 20 x 3.69 members HL and AG

f, = 6740 psi YIELD

Allowable Bending Stress
Fb = 90000 psi YIELD T-1 Steel Ref. 31

M.S. = 20000 _ 3 0= 412,
&7 +i2.3

TOP TENSION FIELD BEAM

Assume it takes 1/2 side load shear:

Viex = -39 R+ 0.11 P (Ref. 16 Table 7.l)
Voax = %—:—g (0.39 x 2.00 x 108 x 131 + 0.11 x 108 x 131)
V. = 12570 Ib. (Ultimate)

Use .064 2024 - T3 Al. Plate

f o= 12570 _ gg=
8 .%E—L“x 55~ = 8930 psi (Ultimate)

F = L0000 psi (Ultimate)

_ 40000 ~
.S = go357 - 1.0 = +3.48

Stiffener Spacing

in2
A = 0.688
YVg" -t 1.00 p=0.39
L063-T5

@
o

1

i:
2.00 I © 0.3

Section Through Tension Field Beam Stiffener

= 46.2

\O
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Assume pinned end fixity factor K = 1.0

F, = 17000 - 60 J%__ Ref. 21, Table 4§
Fo = 17000 - 60 x 1.0 x 46.2 = 14230 psi

Stiffener Spacing (&)

4 =P xh (Ref. 23 Sec. C.7)

v
P =T xA

P3 = 14230.x 0.688 = 9790 Lb.

h = 20
20,0 28.1 4
15.6 Maximum Stiffener Spacing
12" 24" 36" (}l—,]
d =R h in
v
l
[ 108.0 |
16.¢" 24,.0" As 24.0" 16.0"%
Req'd
ld»-A
T t
h=20.0 Stiffener 22,0'

— - 4
ol

i T

All Bolts 9" ofc

|

108.0' Approx

Plan View of Tension Field Beam

k9




Bolted Connection of Tension Field Beam to Longeron of Motor Cage

Bolt Load/Inch = 1.41 V/, = -1—'31—235-&-2219 = 886 1b/in

Use 3/8" AN-6 Bolt 9" 0/C and 2" x 1-1/4" x 1/b" £

6061-T6 For Edge Member
Shear Capacity of Bolt = 8280 1b. (ULT)

Bearing Capacity of Angle = 0.331 x 88000 x 3/8" = 10920 1b. (ULT)

28.00

T
Frame #4 Frzlme #5

Diggrem of Maximum Allowable Bolt
Spacing

Bolt Spacing: (Fore and Aft Edge Member to Frame #4 and #5)

V = 12570 1b. (ULT)
Use 2 - 3/8" Bolt

vl-\ll = 2.0 x 8280 = 16600 Lb. (ULT)
16600
M.8. = 570 - 1.0=+.32
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Section A-A Through Tension Field Beam

\

f.osh“ 202L4-T3 l/,~ 1/8" rivets

L 1.00 ,

‘-‘___—_ 20'91} —_“_._{ 2u % 1" X l/k"

Bottom Truss 0061-75
Assume it carries 1/2 of side load as follows:
3140 1b 6280 1b 5460 1b 4650 1b 3950 1b 1630 1b

aY__o b‘ _-8520 4 -8520 d; 23

Q N b

g = 5

5 1

i

4 20 in

N

N

a

o

UAE X A S LT

108 in e
12570 1b 12570 in

Ultimate Loading of Bottom Truss
Typical Web Member
Load - (-13600 Lb.) ULT (Comp)

Use 2" 0.D. .120 W. thk. 4130 Steel

2

A = 0.709 in
£, = 13600 = 19200 psi

709
L 2 ko
P
F, = 67500 psi 4130 Steel
M.8. = 67500 ~ 1.0 = 42.52

19200
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2.2.2.5 SLIPPER LOADS

The slipper loads for the most critical BRL blast condition (mission
# 30) are indicated in Figure 2.2.1. These slipper loads were computed by as-

suming the 44.1 psi reflected overpressure was applied as & static load. No

attempt has been made to determine the magnificaticn of these loads due to

their dynamic nature.

2.2.2.6 SUMMARY OF MARGINS OF SAFETY

The most critical margin of safety for each section of the sled is

listed in Table 2.2.1.

TABLE 2.2.1

SUMMARY OF MARGINS OF OLAFETY

Structural Component Critical Flament
Forward Fuselage Slipper Leg
Instrumentation Compartment © {Inear Convection of Tcp and

Bottom Vanels L¢ Lovgeron)

Motor Cage {8ide Truss Veb Member)

M.5.

———

+9.0%
+6.0%

+1h.0%
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2.2.3 WEIGHT SUMMARY

A summary of the computed weights for the sled and associated equip-

ment is described in Table 2.2.2.

TABLE 2.2.2
WEIGHT SUMMARY

Structural Component

Forward Fuselage
Instrumentation Compartment
Motor Cage

Slippers

TOTAL

Removable Accessories:

Cameras
* Probe
HME-6 and Adepter
Instrumentation
BRL Adapter
BRL Mount
BRL, F-84 Specimen
ASD Structural Specimen
ASD Aero Specimen

Motors:
XM5 Loaded
Expended
HVAR Loaded
Expended

* Probe omitted when HME brake is used

Sk

Weight
857
588
TiL
450 !

33
38
227
800
85
225
150
100
660

1165
hot
85
61




2.3 AERODYNAMICS
2.3.1 AERODYNAMIC DRAG

In order to obtain an estimate of the performance characteristiés

of the chosen sled configuration, the retarding effects of the serodynamic
drag force must be computed. The overall retarding drag force experieﬁced
by the sled during its motion down the test track can be expressed in the

form:
D = CDA ci s
where!
D represents the aerodynamic drag force (#);
,CD represents an empirical coefficient,
the "drag coefficient"

A represents a particular area (ftz) associated
with the configuration on which the experi~
mentally determined drag coofficient is based;

and q;‘is the dynamic préasure defined as

9= 4o = by p W

where: (O 18 the air density (slugs/ft?);
V 18 the forward,velocity of thu sled (ft/sec);
B’ is the ratio of atmospheric specific heats;
and M is the Magh; number defined as: '
M = V/a
where: a 1is the local acoustical velocity (£t/sec).

The magnitude of the empirical drag coefficient CD is a functioh_pf~the par-
ticular body shape under consideration and the forward velocity V of the
sled. Verious source references can be used to obtain the experimentally
determined values of the arag coefficient. In general, the major drag

components of interest in the consideration of the overall drag experienced




by a sled configuration can be taken to be due to the following component
drags:

a. Forebody drag component of the eonfiguration, which
mey or may not include the effect of the base drag as discussed below.

The pressure drag component is due primsrily to the necessity of removing
the air from the space occupied by the vehicle.

b. Base Pressure Drag component of the fore-
body, due essentially to the separation of the flow boundary layers in
the after regions of the configﬁration,resulting in a negative pressure
field in‘'the wake pattern of the vehicle. The resulting energy defect of
the flow field, evidenced by the disturbed wake flow pattern,must be over-
come by the sled. The net effect. is the production of a retarding drag
force component tending to oppose the motion of the sled.

¢, Skin Friction Drag component generated by the viscous
action of the boundary layer fluid in the regions adjacent to the sides of
the vehicle., The shear force in the fluid generated by the motion of the
vehicle can be shown to produce an effective force fending to oppose the
motion of the sled. Generally, this drag component is small compared to
the other components of the overall drag.

d. Drag due to the various appendages attached to the
sled, such as water brakes, rail slippers and supporting legs, etc. Each
of these mechanical components havé a drag composed of the firat three
types (a, b, and ¢) just described.

e. Overall ground interference drag component of the con-
figuration, which may tend to lessen somewhat the undesirable base drag
component, but increase the tendency of choking the flow between the bot-
tom of the sled and the ground. This may result in an excessive alr load
(normal pressure distribution) on the bottom.panels of the sled.

Table 2,3.1 illustrates the overall drag coefficient of the
basic sled as a function of Mach Number. It is to be noted that the
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"acceleration" and deceleration" magnitudes of CD are different by virtue
of the fact that during the acceleration phase the positive pressure region
downstream of the rocket motor nozzles tends to overcome the ordinary wake
defect pressure field on base drag component and thus decrease the overall
configuration drag. The drag coefficients presented in this section are
all referenced to the basic projected frontal area of the sled, 4.67 ¥

Several of the component drag coefficients included in the total
figures noted in Table 2.3.1 are illustrated in the following set of
curves,

The overall configuration drag coefficients including the effects
of the airfoil specimens (and mounts) are shown in Figure 2.2.5. These
overall coefficients are used to evaluate the performance capabilities of
the sled in the following section.

TABLE 2.3.1 OVERALL DRAG COEFFICIENT OF BASIC SLED
(Basic Data obtained from Reference 32)

Mach Number D Sled (Referenced 2

to 4.67 T¥)

Acceleration Deceleration
.0 2,24 2.46
.2 2.23 2.45
R 2,22 2.k
.6 2.29 2.52
T 2.35 2.58
.8 2.39 2.63
.9 2.65 2.92
1.0 2.89 3.23
1.1 2.91 3.20
1.2 2.77 3.0h
1.4 2.65 2.95

>
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2,3,2. BLAST SLED PERFORMANCE CHARACTERISTICS

The analyses presented in this section illustrate the techniques
and mathematical expressions used to eveluate the performance capabilities
of the blast sled. The basic assumptlons involved for these analyses are:

l. The vehicle is a point mass constrained to move in
g straight horizontal line.

2, The external forces acting on the vehicle are due to the
rocket motor thrust, aerodynamic drag, and where spplicable, water brake
drag and slipper-rail friotional forces.

3. The serodynamic retarding .forces can be expressed as
K Vz, vhere

kK =} poy4 (2.3.1)
The motion of the aled can be conveniently divided into two
major phases: a powered or finite thrust phiseg and a zero-thrust coast-

ing or braking phese. During the phase of the sled run with finite thrust,
the equation of motion can be expressed as:

+
1 Wos W o =[_T (¥) az sk (MW =T (1),
9 ° P j; I (t) o

(2.3.2)
where:
3 = acceleration of gravity,
W "= total weight of vehicle without propellant,
Wp = initial propellant weight,
T (t) = rocket motor thrust, a function of time.
I3p (t) = rocket motor specific impulse, a function of time
t = time,

sled velocity, a function of tims,
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K (V) = drag factor, kK (V) = 4p Cp A
L = air density,
CD = wvehicle drag coefficient, a function of velocity,
A = reference area.

Equation 2,3.2 is most conveniently solved on a digital computer
because of the variable . coefficients appearing in this relationship, for
the velocity of the sled as either a function of time or distance traveled
down the track. In addition, the computer can be programmed to provide the
acceleration magnitudes experienced by the sled. These acceleration levels
can be written ag:

n = 4 dv_ = 1T _(t) - x (W V

- (2.3.3)
g dt Woe W, ft *L.L at
(o]

During the unpowered portion of the sled trajectory, the sled is
either allowed to coast, or is decelerated by the waterbrake attached to
the vehicle. During the coasting phase, asrodynamic drag forces are the
only external forces acting on the sled. For this portion of the sled

tun, the equation of motion is:3

W dv_. + K (M V¥ = o0 (2.3.4)
“'%‘" at

During the waterbraking phase, the equation of motion of the

sled zan be writiten ass

W gy o+ K (W) Ve £u + Dy = 0, (23.5)
g Tat

6k




where:

f W = the frictional force generated by the relative
motion of the sled slippers with respect to the
track rail. f is the coefficient of sliding

friction between the slippers and rails. Gen-
erally, for V> 300 fps, rwozo,

and
DB represents the braking force generated by the
brake attached to the sled. For a horizontal
momentum exchange type of waterbrake, DB can {
be expressed as:
"R 2 Ve
Dy = Q/DHCDW by Vot AV 1 ‘;t cos@| , (2.3.6)
where,
& w - density of water,
ch is the drag coefficient associated with the lip of
the brake,
AL ' is the area of the submerged portion of the lip,
Ao is the area of the submerged portion of the inlet
passage of the brake,
e} is the angle through which the water is turned in

the brake,

and Véf/// expresses the magnitude of - the water velocity at the

brake exit (Ve ) to the inlet velocity of the water (V).
X
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The LGP-30 digital computer at AAI has been programmed to effect
solutions of these equations for a variety of input parameter magnitudes.
The following figures illustrate the sled trajectories achieved for the
following conditions:

Run #1 - BRL Wing Specimen and Mount
W, = 4675 w.*

WPMS = 738 1b.

Wopovar = 48 1b. (2 Units)
Run #2 - ASD Aerc Wing Specimen
Wo = 4875 1v.*

prS = 738 1b.

W = 48 1v. 2 Unit
pHVAR ( S)

Run #3 - ASD Struc. Wing Specimen
W = 4315 b, ¥

prS

738 1b.

W

Payag = 48 10 (2 Units)

* HME brake used - no probe
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2.3.3 BIAST WAVE LOADING ON SLED BODY STRUCTURE
The passage of the externally generated blast wave over the

main body of the sled can be expected to produce severe pressure loadings
on the structure of the sled. The blast loading on the sled structure is
a function of both the incident blast wave characteristics and the size,
shape, orientation, and response parameters associated with the sled.
The following analyses are presented in order to illustrate the techniques
necessary to achieve some knowledge of the loadings exerted on the sled
by the blast wave. The major elements of these analyses are extracted
from the dats and techniques presented in Reference 16, 26, 27, and 28.

The two maejor periods of interest, with respect to the air
burst of an explosive and resulting shock or blast wave phenomena, are:

1. The Diffraction Loading Period during which the forces
on the structure are a result of the direct and reflected pressure assoc-
iated with the blast in the initial phases of the envelopment of the
structure, and,

2. The Drag Loading Period which is associated with the
forces on the structure resulting from the high velocity air particles
in the blast wave envelope behind the shock front.

It will be assumed that the blast or shock wave approaching
the structure is plane and can be characterized by an incident peak
overpressure, AP, , and a time, D P+ , the duration of the positive
phase of the blast. Two basic structures are examined in this discussion:
a closed rectangulsr structure, and a closed cylindrical structure,
pogitioned such that the longitudinal axis of the cylinder is perpendicu-
lar to the direction of motion of the blast front. These two basic struc-
tures characterize the major elements of the ASD sled. The angle of
incidence of the approaching blast front with respect to each structure
will be assumed to be zero in order to arrive at the maximum pressure

loadings exerted on the structure.
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Consideration is first given to the initial or peak values of
parameters affecting & structure immersed in a blast field. The Rankin-
Hugoniot Relations are valid only across the shock front discontinuity.
The relations can be written in terms of the peak incident overpressure,

P_, vhere:

o
AR, = Pg- P, (2.3.7)
Ps = Peak pressure immediately behind the shock front
P, = Ambient pressure

The magnitude of the incident overpressure, at any point, r ,
from the center of the blast producing explosion, for any given charge
welght, W, can be determined from the data presented in Reference 27 and
28. It is to be noted that the data of Figure 1 of Reference 27 can be put
in terms of the corresponding data of Reference 28 through relating
(Brode's dimensionless distance in Reference 27) to (Brode's dimensionless
distance in Reference 28) by:

X =178.8 A (2.3.8)

This relationship is based on the assumption that En. = 1760 cal/gm

this value being one that was suggested by personnel at BRL, APG. As the
blast frent strikes a surface, at normal incidence, & reflected shock

wave. 1s formed and the overpressure on this structural face is increased

to a value in excess of the peak overpressure in the incident shock

wave. The magnitude ot the reflected overpressure, A P,.. , can be expressed

as:

AP.= 2aR, | The T 44R (2.3.9)
7R, + AR,

or can be read directly from the data of Figures 1 a. and 1 b. of Reference
27

L




The shock front velocity s, and the particle velocity, U,
immediately behind the shock front can be found from,

Ug= Co 1+ sak ) 1/2 (2.3.10)
[]
s R c
o A Fo o .3.
Ug= - 5/7 5, TS 1/2) (2.3.11)
7 P,

In Equations 2.3.10 and 2.3.11, Co is the acousticel speed defined by,

%= f¥gRL - /aﬂg%, (2.3.12)

u

vhere:
X‘ = Cy = the ratio of specific heats of
Cu’ the ambient atmosphere.
To is the sbsolute ambient temperature
and, Po is the ambient density.
The density of the fluid behind the shock fromt, ps , can be
computed from: 2 (AP)
AR _ _XF-1 i=N (2.3.13)
A r+1 , 4Bs 1
where A 0O = 0.~ L0, ¥-1 R (2.3.1h4)
The dynamic pressure, 7 s immediately behind the shock front, defined
as 2
=] W
3 =2 Ps s (2.3.15)
2
can be computed from: .
5/, (—aLfe__ ) (2.3.16)

7B, + AB,

L+.S =

The Rankin-Hugoniot relationshi ps given in the previous equa-

tions merely define the fluid dynamicel perameters in the region immedi-
ately behind the shock front, as this front passes a fixed point in space.
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The major problem of interest, however, is the determination of the fluid
dynamic characteristics at this fixed point in space, as a function of

time after the initial passage of the blast wave. Following this determin-

ation, the characteristics of the flow field behind the shock front for
a point that moves with respsct to the blast origin must be evaluated.

Following the method presented in References 27 and 28, the
time dependence of the overpressure, AT , at a fixed point in space
can be approximated by the relationship:

AP=aR (1-2p) e-*Zef (2.3.17)

where Z is a dimensjonless time, expressed in terms of the duration of
the positive phase of the incident blast wave. Generally, Z can be
taken to be

2= /of (2.3.8)

Where £ is the time of interest, measured from incidence of the shock
front, and DP'" is the duration of the positive phase of the blast wave.
The magnitude of DP+ can be found from Figure 3 of Reference 27, or
from Figure 8 of Reference 28. The magnitude of the coefficient ©C
appearing in Equation 2.3,17 can be evaluated from the analyses of Refer-
ence 28; however, Figure 9 of this reference can be used to reduce the
computational complexity of the analysis.

The dynamic pressure time decay relationship can be expressed
as
)2 e PR (2.3.19)

3= 9s (- Eu

where
2y = /ou (2.3.20)
such that Du is the time duration of the positive phase of the

particle velocity after arrival of the shock-pressure pulse. Magnitudes
of D\fcan be obtained from Figure 8 of Reference 28. The magnitude of
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the coefficient (3 appearing in Equation 2.3.19 can be computed from the
analyses presented in Reference 28. However, Figure 11 of this reference
presents the typical time decay curves for the dynamic pressure, which can
be used to evaluate the time history of the dynamic flow effects during

the drag loading phase. The data of Reference 29 can also be used to eval-
uate the various pressure field parameters for comparison purposes with

the date of References 27 and 28.

The data of Reference 30 indicates that "Mission No. 30" pro-
duces the largest pressure loadings on the sled structure. Consequently,
the particular blast parameters sssociated with this mission were used
to effect the basic structural design of the ASD sled. The parameters
associated with Mission 30 are given in the following Table.

TABLE 2.3.2 BLAST CHARACTHRISTICS UF MISSION #30
Y
Mission No. Charge Wt. Charge Dist.| aP aR Dp
(Lb) (£t) (psi) (i sec)
30 ' 2500 110,0 17.6 441 23.4

Applying the techniques presented in Reference 16 and 26, for
evaluating the structural loading conditions resulting from the incident
blast, the following figures present the blast wave characteristics and the
loads experienced by the rectangular and cylindrical structures described
in the introduction of this section. Figure 2.3.9 illustrates the in-
cident overpressure and dynamic pressure decay characteristics for this
particular blast front. In Figure 2.3.10 are shown the pressure loads
acting on a closed rectangular structure subjected to the chosen blast.
The rectangular structure is 21 inches high and 32 inches long in the
direction parallel to the motion of the shock front. It 1s to be noted
that the dynamic pressure, or drag loading characteristics, are included
in the overpressures indicated in Figure 2.3.10. The maximum impulsive
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pressure is that due to the reflected ovsrpressure exerted on the front
face of the rectangular structure. The top and bottom surface shock

wave loadings have not been included in this summary since, in the absence
of ground interference effects, the net vertical force on the structures
is identically zero.

Figure 2,3.11 indicates the same type of overpressure loadings
asgsociated with a circular cylinder 21 inches in diameter, and in Figure
2,3.12;, these pressure loadings are directly compared to those associa-
ted with the rectangular body. From this last figure, it can bes immed-~
iately noted that, for a given body length: in the cross.flow direction
the height of the rectangular body must be approximately 80% of the dia-
meter of a cylindrical body in order to secure the same maximum horizon-
tal loading on each structure. »

For purposes of determining impulsive loading on the actual
8led oylindrical structure, Figure 2.3.13 presents the blast loading
on & 15" diameter cylinder,

It 1s %o be noted that the duration times D; and D{;, defined in
Equations 2.3.18 and 2.3.20 respectively, are such that:

D: > Dp+ ; generally.

However, the character of the dynamic pressure-time decay relaticnship
(Equation 2.3.19) is such that 1t is difficult to define D: to an accuracy
comparable to the accuracy of D, *+. (See Reference 28 for amplification of
this statement.) In order to ¢ircumvent this difficulty, and provide a
practical spproach to the problem, Reference 26 indicates that assuming
1):
used where necessary in the following sections of this report.

= D; is sufficient for the majority of cases. This assumption will be
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FIG. 2.3.9 BLAST WAVE PARAMETERS FOR MISSION NO. 30




TUNIOMILS YVINONVIOZN TESOTO NO HNIAVOT ISVId NIV oT°€°2 °HId

SPUCIISTTTIN - WLy,

e (071 9T et 8 % 0
——r— 7 0
"Iﬁl“lﬁ/ \\
I ~ — Iy \\
]
L ~ \ N 8 m
aanssoxdIsa) TEIUOZTION 9N >

~4 N 3

(3s81g 03 °37s50ddp woT30aaTq Uy ) ™~
sanssaxdIsAQ a08] I8y afevxoAy
N,

L]
< gt 3
\ \

\ —
\ g
samssaxdiasg 398 JUOTS 9B8IaAY |I\ / 38
e m
. 3
setg ITv B
SO WOTIFRITI UL SU0T 28 “ustH uld (=]
L H
*99g | y°€2 =} a / g

15d 69°9 = °b 2€
1sd Toq = *dy m
1sd 9°LT = dy =2

a0y —™ M 2o8g
XBIY =t pet— FA0OXT
o Pt—
————— o
4687d ITY JO UOT399IqQ

7




TNIOMLS TVOTHANTIXD QISOTO NO HNIQVOT ISYIS ¥IV TI°€°2 *oI1g

SPUODSSTTTIN ~ SWIL
2T 8

T~

1

Z.

XopuITL) uo Surloy
sanssaxd TeIUOZTIOR Y9N

T FPWST(Q ulg {¥seTa=X1Vo3 93 Tsoddg-uoTyoeaTy ury
o8 | #°€2 = 4 IapurTL) JO 908 IBIY UO IINSYIXI /
18d g°9 = °b
¥8d Toqiy ="y
18d 9°LT = ody
axnssaxg
49N JO UOTFIIIQ] +
————————
ERY 298y
JBay JUOLY
~—

188Tg JO UOT309ITq

pogoafoxd LYTBIn0ZII0 9FBIsAy

J/

IapaTTLD JO 8087 UOXL UO aInSSaXJ

pajzosfoxg ATTe3uozZIX0R 98exoAy

2

2¢

NOIXLOILOHd “IVINOCZIMOH - HMNSSENd

Isd

78




w2

o2 9t

*STHALONNIS TYOTHANTIXD ANV
UVINDNVLIEY HO ONILOV SHOHOS TMNSSEMd 40 NOSTHVIHOD 2r'te oIl

SPUOIISTTTIN - SUWTL

et 8 ki

S o —
r—)

——

| J

—

UOTFI3G 8SOL) IVTNAITDH

UoT323g
SSOX) IeTNIUB}IDY

suwtd aseqg
[ \

Py

W2 _

I

3s81d ITV

%2

VMY Jsvd Ol QEONIIIHI
TNSSEH ONIONANT FMOS TVINOZIHOH JAN

Isd

79




FUNLONYLIS TVOTHANITAD @ISOTO NO ONIAYOT ISVIL HIV

€1°€*e *91d

PUOOASTTIM - swij

@ 42 oz 9T 44 8 K| o
e o]
!
pu— _
-
/ll'. /r ,
l/
L |
8
/.//I ﬁ ‘/ _
/ l.k. el n—
\</
I3pUTTL) uo Fapzoy o1
aanssaxy TBINOZTIOR 40K / ’
(3819 ITV 03 \
SFTISCAA) UOY3OSXTI 1) JXoputiAg \
d933WRIq .mm.n JO 208B] Iu9Y OO BINSEIIF \
oas M M.mm = $ Qw pagooford ATTeIn0ZTI0 SBBIaAy \ >
¥8d &g°g = @ " K
¥sd iy = +d \v4 S2pUYTL) JO 90BJ 3UOXJ UO IINSSIAI II\\\/
1sd 9 LT = umq pa3oafoxg ATTB3U0ZTIOH IFeIaAy _.
alnssaxy 38N JO GOT309XIQ + \
‘ et
EL T LT
I8y 200X
-—— 183Td
3O uoT30axq oY

t8d
uoy3dafoxd Te3U0ZTION -~ aanssaxy

8o




—

2.3.4 EFFECT OF SLED MOTION ON BLAST WAVE TARAMETER

The blast wave characteristics used to effect the basic struc-
tural design of the sled, as discussed in the previous section, corres-
pond to & case in which the sled is stationary. For cases in which the
sled is moving, the blast wave characteristics (overpressure, dynamic
pressure, etc.) imposed on the sled structure will be different from those
agsociated with a stationary vehicle subjected to the same charge-distance
relationships. For example, the moving sled will encounter overpressures
and dynemic pressures that vary with time as functions of the relative
velocity of the sled and blast front in addition to the normal (stationary)
time decay characteristics of these parameters. Hence, in order to accur-
ately predict the pressure functions encountered by the moving vehicle,
it is necessary to modify the stationary time decay characteristics of
the blast, with respect to the relative motion of the sled and blast
front,

Table 2.3.3, teken from Reference 30, presents the overpressure
functions and positive phase duration times for Missions 1, 2, and 3 as
obtained from the methods outlined in the previous section.

The positive phase duration times given in Table 2.3.3 corres-
pond to a stationary sled subjected to the given blasts. However, for
each of these experimental runs, the sled is actually moving at a Mach
Number of 0,8, Hence the data of this table must be modified to reflect
the motion of the sled.
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TABLE 2.3.3 BLAST CHARACTERISTICS FOR ASD MISSIONS

+ .
Mission| Charge Wt. Chggge ak, I APy Dp X | Angle of
No. (Lb) Di?tax):ce (psi) (msec) (o) OBL (0)
ft
1 20 60 3.0 6.17 8.32 8 90
2 20 25.8 13.5 32.4 5.35 30 a0
3 12000 217 13.5 32.4 4h.o 30 30

To evaluate the effect of the sled motion on the positive phase
duration times given in Table 2.3.3, the overpressure - distance
data given in Figure 1 of Reference 29 can be used to compute the magnitude
of the shock front velocity LI g 86 8 function of distance from the
detonation point with the aid of

L
- 6 (AR, 2
U5 - COE -+ '7- <—Po_> ] (2'3'21)

Knowing L} g 88 8 function of radial distance, r, from the point of
detonation, the time, t s corresponding to the sequence of events along
¥ can be obtained by

B

dr
t - o
S,. Us (n) (2.3.22)

The time, T , in Equation 2.3.22 defines the time it takes the shock
front to move from ry to Ty The duration of the positive phase
corresponding to each r of interest can be obtained from the data of
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Figure 3 of Reference 29.

However, the location of the shock front and magnitude of the
positive phase duration time must be related to track site locations
rather than radial distance from the point of detonation. This can be
accomplished with reference to the following sketch and the relationship:

¢ = r cos 9 ¢ J r°2 cos® O + r? -z-o2 s (2.3.23)
[
where |
is the angle of obliquity (OBL) appearing in the 1
previous table, ]
|
ry corresponds to the charge distance magnitudes 1

" listed in Table 2.3.3.

and d represents distance along the track !

Sled
Locations

Z Origin of Blast

Figure 2.3.1% GEOMETRICAL RELATIONSHIP BETWEEN BLAST ORIGIN AND TRACK
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For the specific missions of interest, 9 = 9o° ; hence Equation
2.3.23 ‘educes to:

a = r2 --rO2 (2.3.24)

Since t = £ (r) is available from Equation 2.3.22 , 4 = £ (t) can
be obtained from either Equation 2.3.23 or Equation 2.3.24. In addition,
the times of duration of the positive phase are known as & function of r
from the date of Reference 29; hence, these times can be related to
distance along the track, 4, from the same equations.

These results can be represented ona d vs t diagram, as
shown in Figure 2.3.15.

Shock Front Trajectory

~ S1eq Trajectory

\'s t
Positive Phase sled

Duration Ilme

k—w—»!

Figure 2.3.15 SLED TRAJECTORY VERSUS TIME DIAGRAM




Superposition of the sled trajectory on this diagram defines

a t (2.3.25)

sled ~ Vsled
the positive phase duration tlme experienced by the moving sled in contrast
to the stationary sled duration time ( » ; ) noted in Table 2.3.3.

Figures 2.3.16 and 2.3.17 illustrute the moving sled duration
times for each of the three missions previously illustrated. It is
evident that, for these particular missions, the increase in positive phase
duration time is neglig!ble as noted by the tabulated results included in

this figure.
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FIG. 2.3.16 EFFECT OF MOVING SLED ON POSITIVE PHASE
DURATION MISSION #1 AND 2

00
3 Missiord Turation " Duration
. oving Sled ////
tationary
sled sec m sec
4
1 8.32 8.80 ///
200
/ 2 5.35 5.75
/ 3 k.0 by.5 /

/\ [~ Blast Shock Wave Trajectory /

100 / _
Sled Trajectory _\ V

J
A Jp—- T
[ I e ——-1L. /
0 A —_—t—-T
0 10 20 30 ko 50 60
Time - Milliseconds

Blast Shock Wave is Tangent to Track and Meets Sled at Time Zero and
Distance Zero

FIG., 2.3.17 EFFECT OF MOVING SLED ON POSITIVE PHASE DURATION MISSION #3
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2.3.5 PRESSURE DISTRIBUTION AND CHOKING EFFECTS

The task of predicting the pressure distributions over a
body moving at high speed and in close proximity to the ground is
quite complex; indeed, an exact theoretical analysis is impossible. For
simple shapes, the procedure is rather straightforward, but as the con-
figuration becomes more involved, shock wave interactions become more
numerous and an exact analysis becomes out of the guestion. The fact
that a body is in close proximity to the ground further complicates the
analysis since a reinforcing phenomena takes place as the shock wave is
reflected back and forth between the ground and the body. The method
developed by this contractor to analyze the pressure distribution over a )
vehicle of this type is felt to be & reasonsble, conservative approach.
The first step is to investigate the rather simple flow flelds over the
top and sides of the vehicle, Next, the region between the bottom of the
sled and the ground is considered. Included in this area of the investi-
gation is an analysis of the effect of shock wave reflection and the possi-
bility of and effects of a choking action. Finally, an overall pressure
distribition is developed, teking intc account the pressure relieving ef-
fects which exist when a high pressure area is bounded by a low pressure
area.

Pressure distributions for the subject vehicle are investigated
at Mach 1.2 with the water trough between the track empty, and at Mach 1.5
with one foot of water in the trough. These velocity - water level conditions
are chosen for analysis since these are the actual conditions experienced by
the sled during the track-site test program. At speeds lower than Mach 1.2
the initlal shock wave is detached. Although there are high pressures on
the foremost section of the nose associated with & detached shock front, the
reflective phenomena of ground interference does not occur and the overall
pressures on the sled are less severe than with an attached shock front.
The most severe case occurs at the sled velocity of Mach 1.5 because of
the greater dynamic pressure and the smaller height of the sled above
the ground which allows more shock wave reflections between the
ground and the sled. Hence, the pressure distribution corresponding to
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a sled speed of Mach 1.5 is calculated here.
Consider the flow along the top and sides of the vehicle.

M_P M_P
22 33
— S- 6° Top
Se Z16° side
$ \ f

My Fy: %g
1 {

From Reference 25, for M= 1.5,

A =
Now,

% =

where,

% -
¥ =

Pl=

44.5° for a conical forebody.

Y2 X Ml2 P, (2.3.26)

dynamic pressure, PSIA
ratio of specific heats of air = 1.4
Mach Number = 1.5

local pressure = 14.7 PSIA (conservatively high
for EAFB)

Using Equation 2.3.26 and Reference 25, P2 is found to be

19.65 PSIA, '

Knowing P2, from Reference 25, M2 =1,3
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As the flow turns the corner gt the rear of the cone, a
Prandtl-Meyer expansion occurs. Substitution into the expression
1/2 /2

+1 -1 -1 2 7 L[ 2
o = Sc= 2§—_I gtan |:§—+—J. (M3 -l)J - tan BZE (M2 -1.):]

. 2 1/2 -1 2 ]/z
tan~ L [ M, -1] - tan I:M3 - 1:' = .25 radians (14°) (2.3.27)

gives M3 = 1,78
The downstream pressure P3 1s computed from
2
1+ ¥ -1 M ¥
2 ¥-1 (2.3.28)
P, = P 3
32 1+ X1 w
2
P3 = 10.5 PSIA

The fiow remains undisturbed along most of the cylindrical sur-
face until the transition to the rectangular insfrumentation section be-
gins. At this transition the flow along the top of the vehicle will be
deflected through 6° and that along the sides through 16°, These de-
flections are effectively three dimensional and the same method of com-
puting the variasbles is employed as far as the initial deflection at the
front of the sled. These computations yield the results shown in Table
2.3.4.

These pressures exist at the transition area, with a gradual
decay towards atmospheric pressure furthe; back on the sled.* It should
be noted that the pressures calculated so far are actually centerline
pressures. Edge effects and crossflow phenomena will be investigated
after the flow along the bottom of the sled has been considered.

89




|

Table 2.3.4 SLED SURFACE PREGSURE # MACH NO. FUNCTIONS @ @
SIDE TOP
23 38.3° 34.3
M, 1.50 1.69
"5 2.05 1.90
P4 14.77 PSIA 10.93 PSIA
Py 6.4o PSIA 7.95 PSIA

The ‘investigation of flow phenomena in the region between the
bottom of the sled and the ground involves a mors complex calculational
procedure. Most of the complexity arises from the possibility of the
reflection of the initial shock wave between the sled and the ground. Two
undesirable effects of this interaction are immediately obvious; the rein-
forcing action of the shock waves, causing an increase in pressure on the
bottom of the vehicle, and the possibility of a "choking" phenomena should
the flow decelerate to a Mach Number of unity.

This choking may affect the performance of the vehicle due to
drag increase, as well as result in undesirably large pressures on the
sled bottom. In the following analysis, the position of the reflected
shock waves and the corresponding pressures are determined, and the
presence of any choking condition will be revealed.

The initial shock front is conical; however, the reflected por-
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tion that contacts the bottom of the sled is more closely approximated by
a two dimensional plane.

7 7777777777777 rr1rrr177

Ground Plane
The effect of the reflected wave 1s to deflect the flow upward through an
angle of 14°, From Reference 25, P 3" 50.5°, M, = 1.27, and P, = 19.6 psia.
For a two-dimensional deflection, the shock front is detached at M = 1.27.
The longitudinal position at which this detachment occurs is computed from
sled-trough geometry es approximately 60 inches from the apex of the cone.
The stagnation pressure immediately behind the detached shock wave, P
is given by 1

‘5 (Z*___Mu><ﬂ)[ o+ ﬁ)

Mh - (-1 (2.3.29)
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Since Pl;’ Mh- and ¥ are known, substitution of these quantities into
Equation 2.3.29 gives

Ps5 = 5L.4 PSIA
This pressure decays longitudirally to P5 where the flow velocity,
M5 becomes Mach 1 relative to the sled.
F5 = Fyg (3\ 2 >(7F I) (2.3.30)
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Py = 27 PSIA

Since the flow slows to sonic velocity, it becomes “"choked" (a
maximum flov rate is attained) and a relatively constant pressure in the
vicinity of P5 is maintained along the sled bottom. Once the shock -front
becomes detached, there are no further reflecticns between the sled and
the ground. The protruding transition section has little effect on the
pressures on the bottom of the sled since the relative flow velocity is
already at Mach 1.0 and will not be further decreased.

Consideration was also given to the possibility of a choking ef-
fect in the design of the front slipper strut supports. The approximate
"flow channel" geometry between the struts of each slipper is illustrated:

Neglecting the boundary layer on the inner surfaces of the struts,
which 18 quite thin at the design Mach Number, the "between-strut’ flow
channel is of constant width in the flow direction. Hence; there will be
little, if any, tendency to decelerate the flow in this region,and, a
choked flow condition is quite unlikely.

Having analyzed the flow conditions on all sides of the sled, it
is now necessary to consider them in combination, taking into account edge
effects and cross flows. The edge pressures and consequent average pres-

sures are approximated by use of the following equations:

Pgige (Bdge) = -1/2Pg..  ( ¢) (2.3.31)
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Porge =~ V2 [PSide (Bdge) + Pgige ( € )] (2.3.32)

7 = 1/2 [PS:I.de (Edge) + PTop (¢ )J (2.3.33)
op

Pootton M2 ESide (Blge) + Fogpeon | ¢ )] (2.3.34)

All of the pressures are considered gage. Application of these
equations yields the following average gage pressure, which are illustrated
in Figures 2.3.18 and 2.3.19 for M1 = 1.5 and 1.2 respectively.

for Mi = L.5

B = 4.95 psig, all surfaces
sta 0~30

= -5.05 pslg, sides and top,
sta 30-119

=.+--0 15.8
5 = 15.8 psig, bottom

sta 60

5 (Bdge) = 1/2 (ih.77 - lh.?) = +0.035 psig
S N
sta 115-150

L 5 (Edge) = 1/2 (?.ho - lh.z>= -k,15 psig
Side
sta 150
)
B = 1/2 (035 + .o7):== 0 psig
Side
sta 119-150
P -1/ ans + (10.93 - :m.—n] = -1.87 psig
sta 119-150
Porge /2 [—h.ls + (-8.3)] = -6,23 psig
ta 150
7 = 1/2 [-h.ls + (.6.75)] = -5.45 peig
To:
sta 1?0
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3.0 AIRFOIL SPECIMEN DESIGN

3.1 DESCRIPTION

Both the structural and airload specimens used in the "ASD
Program", duplicate Model 6 described in Ref. 1. This is a swept-back
and tapered wing model having the following configurational properties.

Profile NACA 64

Root Thickness (%) 15.17

Tip Thickness (%) 10

Exposed Root Chord (in.) 22.33

Tip Chord (in.) 12.00

Exposed Semispan (in.) 46.50

Sweep-back Angle 35° ~ 1/l CHORDLINE

3.1.1 AIRLOAD SPECIMEN

The airload model was contour machined from & solid block of
410 stainless steel heat treated to a minimum ultimate tensile strength
of 160,000 psi. It would be impractical to contour machine the stainless
steel at a higher hardness, and heat treating after machining would result
in too much residual twist and waviness. The transducer, accelerometer,
and strain gage instrumentation and wiring depicted in Figure 3.1.1
necessitates access to the wing interior. This was accomplished by
splitting the wing on the horizontal (in flight) plane of symmetry and
milling out the wing interior instrumentation installation following

machining of the external contour.

The structural connection which Jjoins the two halves and ensures
that the wing bends as an integral unit was made with (52) - 3/k in.
diameter shear pin connectors distributed throughout the wing planform
as dictated by strength requirements. This method of fastening, as
shown in Figure 3.1.2, was chosen because & pilot hole can be line
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(61) AIRLOAD MODEL

Fig. 3.1.1




drilled through both halves of the specimen making it relatively easy to pro-
vide the close tolerance fit between the pin and hole necessary to prevent
slippage of the fasteners under dynamic loading. The fastener arrangement
suggested in Ref. 1 was first attempted on the ASD airload model since it

did not involve machining out much of the tension side. However, it became
impractical to locate the mating holes without opening up the tolerances on

concentricity beyond acceptable limits.

/]

Fig. 3.1.2 SHEAR CONNECTOR (6L) MODEL

The base of the airload model consists of a rectangular stub. The

stub is shimmed in the slotted portion of the sled fuselage and clamped in
place with (6) - 3/4 in. diameter high strength bolts as shown in Fig., 3.1.3.
3.1.2 STRUCTURAL SPECIMEN

The structural specimen is basically of thick-skin multi web type
construction typical of high speed low aspect ratio wings. The specimen has
a constant (1/8) inch skin thickness formed from 7075-T6 aluminum sheet. The
internal structure which is evident in Fig. 3.1.4 consists of three spars, a
solid leading and trailing edge member and six ribs outboard of the wing
root. The three spars depicted in Fig. 3.1.5 are fabricated from
2024 - T4 aluminum angle extrusions bolted to 2024 - T3 aluminum
web members. The outer two bays of the leading edge spar and the
outer three bays of the trailing edge spar consists of a formed channel

fabricated from .094" 5052 - H34 aluminum sheet. This member was
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spliced to the built up spars. The formed-channel was necessary near the
tip because the limited depth between skins did not permit space for a
shear connector between the web and spar cap. The center spar was dis-
continueﬁ entirely in the last outboard bay of the specimen. The three
spar arrangement was selected in order to develop a relatively high
critical buckling stress in the compression skin. In the original design,
the internal structure located on the 44.7% chordline consisted only of
stringers. The web was added in order to make the structure more amenable
to a theoretical post-failure analysis.

A s0lid leading and trailing edge member was cast from 356-T51
aluminum alloy. These members were provided in order to facilitate
fabrication of the specimen and make it relatively easy to remove the
skin on one side of the structural model to provide access to the inter-
nal inastrumentatiorn. The tension skin was chosen to be removable since
the mode of failure is critically sensitive to the type and location of
compression skin fastener. As a consequence, the compression skin was
riveted to the three spars and screwed to the leading and trailing edge
members. The tension skin was fastened to the three spars by means of
screws and floating basket nuts.

A predetermined breakline was built into the structural specimen
in order to eliminate the problems associated with a random type failure.
The selecged' breakline intersects the 25% chordline at 25% of the exposed
half span length and is directed perpendicular to the 50% chcrdline which
is taken as the structural axis. Two ribs 4.5 inches apart are located
symmetrically about the breakline, and parallel to it. These ribs are
made of (1/4) inch thick 5083-H113 aluminum plate which is heavier than
the (1/8) inch thick plate used for the other outboard ribs. This was
done in order to provide essentislly a fixed edge support for the compres-
sion skin and also to confine the local affects of the failure within the
failure bay as much as possible.
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In order to ensure that the failure would occur at the preselected
break line, this section was considerably weakened as evidenced by the
moment capacity curve shown in Fig. 3.3.5. The leading and trailing edge
members were discontinued in the failure bay area. Both the tension and
compression skins outside of the fore and aft spars were removed. In its
place, a removable (.025) inch 6061-Té aluminum skin was provided. While
this thin skin was desiéned to support the blast-induced dynamic pressures,
it does not have sufficient strength to contribute significantly to the
bending capacity at the break line nor will it greatly influence the mode
of failure. The resultant structure in the failure bay is essentially a
malti web box whick is quite amenable to a theoretical post-failure
analysis, A (4.5) inch wide strip of- the compression skin in the failure
bay is milled down from .125 inch to .110 inch * .002 inch. A close
tolerance is required on the compressiori skin thickness sinoce the_ulti—
mate bending astrength is quite sensitive to this parameter. The spar
caps on the fore and aft spars are milled down from (.094) inch to (.064)
inch thickness. In addition the legs of these spar caps are trimmed
down from (1.12) inch to (0.75) inch. The webs of the fore and aft spars
are milled down from (.094) inch to (.051) inch thickness, The center
spar caps are milled down from (.156) inch to (.064) inch thickness on
the compression side only. In addition the legs of this spar cap are
trimmed from (1.00) inch to (.75) inch. The 1/4 inch thick center spar
web is omitted in the failure bay except for a short piece on the tension
side as shown in Fig. 3.1.6. The'ﬁﬁrpose of the large center spar cap
in the failure bay is to raise the asymptotic value of the post failure
bending . moment and as a consequence, limit the magnitude of the post-
failure hinge angle. '

The configuration of the root support was dictated by several
functional requirements. It must be sufficiently rigid- to provide
essentially a fixed support. It must be adaptabie to the slotted fuselage
receptacle. It must facilitate the removal of the tension skin in order
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to provide access to the internally mounted instrumentation. The
solution to these problems is shown in Fig. 3.1.7. The basic specimen
structure was carried (10) inches below the root line. Three stream-
wise ribs fabricated from 1/k inch 5083-H1l3 aluminum plate were pro-
vided in the root area. The internal portion of the specimen below the
root line was then filled with epoxy resin. The inside surface of the
tension skin was lubricated to prevent a bond with the resin. A rec-
tangular aluminum box fabricated from (3/8) inch 5083-HLl3 aluminum plate
and internally reinforced was built around the specimen in two halves.
The outside skin of the specimen was lubricated, and the box was filled
with the epoxy resin. The outside surfaces of the aluminum box were
machined to & (.005) inch tolerance in order to provide a snug fit between
the specimen root and the slotted receptacle in the sled fuselage. The
six (3/4) inch mounting holes were lined drilled through the box and
specimen, and two (1.12) inch wiring holes were line drilled through the
epoxy root parallel to the structural axis.
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3.2 PRELIMINARY DESIGN

3.2.1 AIRLOADS

The preliminary asirloads acting on both the structural and
airload specimens for the three different sled missions will be evaluated
using quasi-steady aerodynamics to determine the lift-time curves. Further
refinements in the airloads which would include wing motion and stall
effects are unwarranted at this time due to the approximate nature of
computing the dynamic response in this phase of the design. The ASD sled
missions are described in Table 3.2.1.

Quasl - Steady Lift vs. Time

Notation
14) shock velocity ~ fps
u particle velocity - fps
c sound veloclty - fps
q peak dynamic pressure - psi
P peak overpressure - psi
Y air density - 1b - sec®
£t
v sled velocity
t time - sec
D; duration of positive pressure - sec
CL slope of lift coefficlent vs. angle of attack
curve - 1/RAD.
S plan form area ~ ft2
r coefficient of compressibility
L, 1ift at time (t) - 1o

subseript o - Ambient Conditions
time zero is measured from the instant the shock
front hits the specimen.
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In developing the lift-time curve for the various blast

conditions, it will be assumed that the motion of the sled during the

blast duration is negligible, and the lift builds up instantaneously.

The expression for the quasi-steady lift is:

—Vl 2 R
by) = V2P (4 L (t)] S Cpo TAY
Where:

Vl = -;2 +u 2 %

(t) = (t)

S = 5.5, f£t° (PLANFORM AREA)

Cpy = 542 {Table 22 REFERENCE 1)

v = 0.8 x 1120 = 895 fps

‘xvy] (3.2.1)

The following blast equaiions which are necessary to obtain an

analytical expression for eq. 3.72.1 are taken from Ref. 26

Shock Velocity

U= ¢ (1+6P )%
P
o

Particle Velocity
u = 5P C
7w, Weet
7%,
Air Density

P=p, (z + 6 P[Po>

7 + P/P,
Peak Dynamic Pressure
q = ﬁpuz =5/2 . p?
7Pg + P
Overpressure
= -t
P(t)_ P,(l _ti) ] D+
D P

D
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(3.2.4)

(3.2.5)
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Dynaric Pressure

Ay = a(1-2)% "25:5 (3.2.7)
- Dp ;
In addition
P___:_EL) = constant = A (3.2.8)
[j’ (t] x»
Mission No. 1
P = 3.0psi
Po = 14.7 psi
= _ 2
,00 = ,00238 _&?;Zggg__
C_ = 1120 fps

o
From eq. 3.2 3 the particle velocity at time zero is given by

u = 5%3.0 1120 = 150 fps
Tx14.7 [1+6x3.0\F
7 x 14.7

The air density at time zero may be computed from eq.(3.2.4)

__X_Z_... 2
L= .00238 [7.+ 14.7 = ,00272 1lb_-_sec

20 £t
7+ 147
Evaluating A at time zero we obtain
A = 1.4,74+30 = 692x10°%

(.00272)1+4
‘Substituting into eq. 3.2.8

C Rt (i ey 8
Dp

Plr)= [.ooozis + 0000433 (l-r%‘)" DP'J
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The dynamic pressure at time zero may be computed from eq. 3.2.5

G = 52 B.02x1L = 36 pef
7 x 14’7 + 300
t
_ - 2 -2 oy
a(y)= 27.8 (1 Diff)‘ e <D} (3.2.10)
From aq. 3.2.5
1
wE (29 (3.2.11)
L (v)

The duration of the positive portion of the 1lift curve is
divided into (10) increments of time, and the necessary parameters to
compute the total lift are summarized in Table 3.2.2.

Mission No. 2 and No. 3
p = 13.5 psi
P = 14.7 psi
2

P, = .00238 1b - sec
ft

Co 1120 fps

From eq. 3.2.3, the particle velocity' at time zero is given by

u = Sx13.5 _llLt. = 547 fps
7 % 14.7 (l+ ;
7x 14.7

The air density at time zero may be computed from eq. 3.2.4
6x 135\ 2
S= 00238 (7.+ 12,7 = ,00376 1b - gsec

7+ ﬁ‘% £ié
Evaluating A at time zero, we obtain
A = 147+135 = 7.05x10%
(.00376) 1+
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Pt bt 0 3]

P P
plt) =Eooozos + 000192 (1 - _g:)e - 1-,1){] Yy (3.2.12)
) P

The dynamic pressure at time zero may be computed from eq. 3.2.5

2
13.5)° x W
a = 5/2 .73 1E‘L'.7 i3S = 9 pef

2 8
- - -2 &
9g) = 4 <l —-——Df) e ¥ (3.2.13)
b

From eq. 3.2.5
L)

u(g) = 2 +) (3.2.14)
(t)
The duration of the positive portion of the lift curve is

divided into (L0) increments of time, and the necessary parameters to compute
the total 1ift are summarized in Table 3.2.3.

In order to facilitate & more general solution to the response
of & single degree of freedom system subjected to blast induced type loading,
the normalized lift curves of Fig. 3.2,1 will be epproximated by exponential
functions.

Mission No. 1

Let the lift curves in Figure 3.2.1 be approximated by the following
expression
L —P-.F—
.—(E)—-:(l- t>e-de

L(o) —D}f—

The exponential decay coefficient (d) can be determined from the
share of the curves in Figure 3.2.1. This coefficient (d) will be taken as
<he average value as determined from the above expression at three increments

! normalized time
t/pt = 0.3, 0.4, 0.5
P
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Lift - Pounds

35,000
LEGEND
32,500 Mission 1 ~ D; = §.32 m sec
Mission 2 - Dt - = 5,35 m sec
30,000 b
\ Mission 3 =« p* = bli.Om sec
P
27,500 \
25,000 ——Y

22,500 \

20,000 \
17,500 \

15,000
) \\(,—- Mission 2 & 3
12,500
10,000
7,500
5,000 <
Mission 1
2 500 T~ \\
)
[r———
oL \.
0 Jd0 .20 .30 .0 .50 .60 .70 .80 .90 1.00
Normalized Time t
b-l-
P
Fig. 3.2.1 LIFT TIME CURVE FOR -ASD MODELS
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4 - Ldi e 1.2 1.13
AV 3

dAv,:l.lz
Missicn No. 2 and No. 3

= 1.76 .7 .
dAv_l, +3l 71+ 1.6k

= 1.70
dav

3.2.2 DYNAMIC RESPONSE

As demonstrated in Section 3.2.3.1 the response of the wing
mcdels can be reduced to the consideration of a single degree of freedem
system subjected to an expounential type lcading. In order to expedite
the solution of this problem, the laplace Transform will be sprlied to

equation 3.2.15.

1
Le
ME(e) + K X)) = I(y) (3.2.15)
VWhere: Lat

ey = To) Q ] %«) ©Ps (3.2.16)

Initial Conditicns

X(

O) B3 X('j,) = 0

I
A
Q

o+
[

i3
Iy

A dot above (X} indicates differertiatiocn with respec
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[Mis the laplace transform operator.
Operating on eq. 3.2.15
MC@ + k@ = [ @y (3.2.17)
Noting that

oy 2 y 2
N =p"M @ -p X0y " X0y =P [MX) (3.2.18)
eq. 3.2.17 becomes
Cw=ragy ra) 3.2.19
2 2 2 e
mp +K m(p” + W)
o0 o0
= “pt - =dt _-pt
P(L(t)) = S L(t) e ©dt —SL(O) C_t_)e DI',' e “rdt
[} 0 Dip-
0 d oO d
-d__ - t ~d_ - t
ey = Loy Se(m > dt -S_t__ e<D+ ) dt
] ° P
w o _L i _ 1
r ()" = () Fp +d_ D+ (p +d )2 (3.2.20)
D+ P D+
Substituting eq. 3.2.20 into 3.2.19
r'(x)=}_(2)_( L M 1
m (p+pp) G +W) Dil;(p+§) (" +w)
L P 3
(3.2.21)
Obtaining the transform of this expression
d t
X=1L e D+ 1 -t - 2d
PRt | % | O
D+ P P
P
on;
- -1 (0Dt - —
+ sin e - tan = ( EE ) - sin ((«)th 2 tan 11 d
WDt (W + (d.)“)
@ 82, 1/2 P
o€ +(D$) ) D-lij-
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Differentiating the displacement with time and setting the
result equal to zero, we cbtaln

Wty = tan” [l ) (5%{)1 a ﬂ_-(ﬁi’%‘s:’ (3.2.23)

' s [ ()]

The dynamic overstress factor (DOF) is defined as

X

DOF = i—'i‘- (3.2.24)
8

where the static deflection for a steady load application of

L is given as
(o) 2 8

_(._l = o) (3.2.25)
mu)
Substituting egs. 3.2.22 and 3.2.25 into 3.2.24
- d wtm
DoF 1 -wt, (w

o( wnf, ) +< __)a
o
+ sin (wt - tan lf‘Eﬁ - s8in (wt - 2 tan lw—gin)

[“ (wm )2] 1/2 wDy 1*(&) ]

(3.2.26)

Equations 3.2.23 and 3.2.26 were programmed and the values
of DOF and Wt~ were determined for various values of () and wDiS . The

results are presented in Fig. 3.2.2 and 3.2.3.
3.2.3 AIRLOAD SPECIMEN
In order to determine the structural adequacy of the airload

specimen when subjected to the blast-induced loasds shown in Fig. 3.2.1.
certain simplifying assumptions were made. The specimen was assumed to
be cantilevered from & fixed support located at the intersection of the
50% chordline and the root, and directed normel to the S0k chordline.
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in®

A/

Mass Distribution M x 1073 lb-sec®

Moment of Inertia I - inh

8

2l

i

\\ \\
\ \
| ]
AJL ’\\-
0 10 20 30 Lo 50 55.k 60
Span Length (in.) Along 50% Chord
Fig. 3.2.4  AIRLOAD SPECIMEN PRELIMINARY MASS AND MOMENT

OF INERTIA DISTRIBUTION
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The 50% chordline was taken as the elastic axis, and torsional effects
have been neglected. The mass and stiffness distribution of the idealized
specimen is given in Fig. 3.2.4.

3.2.3.1 NATURAL FREQUENCY OF IDEALIZED MODEL

In order to simplify the dynamic response analysis, the
idealized cantileverad beam was reduced to a system having a single
degree of freedom. The natural frequency of this reduced system was
estimated by two independent methods.

The first method utilizes the fundamental frequency of the
idealized cantilevered beam as the natural frequency of the single
degree of freedom system. This is accomplished using Rayleigh's
Method as outlined on pg. 142 of Ref. 2L.

A= X
A \{\
s

Kinetic 'Enez'gymax = Potential Enex'gymax

\

]

2 M 2
K.E. = 1/2 fm(x)y dx (3.2.27)
0
Where m(x) - mass distribation
E J"‘ 2 \?
PE = 2 |, I(x)(g__zz) da x (3.2.28)
Where I x) - moment of inertia distribution
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The assumed mode shape is taken as

y =3, (1 -cos Tx) (3.2.29)
2L

y2 = 2 (1 -cos Tx + cos”™ mx) (3.2.30)
2L 2 L

dy = y, T sin Tx (3.2.31)

dx 2L 2L

2

g)—t§= v, T2 cos Ty (3.2.32)

1.2 2L

N

( ZT_.Tcos X (3:2.33)

Substituting into equations 3.2.27 and 3.2.28

L
\YEI(X) T4 oos? Tx ax
We =Y, 16 L4 2L (3.2.34)

N
LS‘ m(‘x) (1-2cos TMx + cos? T x) ax
o 51 2L

The solution of eq. 3.2.34 was programed using the variable

mass and moment of inertia distribution shown in Fig. 3.2.4, with the result:

i

Wn 275 rad/sec.
fn = W = 43.8 cps.

AL

The second method of computing the natural frequency of the
single degree of freedom system involves transforming the mass and
stiffness properties of the idealized cantilevered beam into those of
an equivalent single degree of freedom system. The transformation is
made by equating the kinetic energy and external work of the idealized
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cantilevered beam to that of the equivalent system. The deflected shove
of 'the airload model is assumed to be that resulting from a uniformiy dis-
tributed dynamic load. It is assumed that the deflected shape is the
same as that which would be caused by the load applied statically. This
shape is assumed to be constant with time so that the ratio of any two
ordinates of deflection along the beam is always constant. This procedure
is not quite the same as considering only the first mode of vibration
since the slope of the first mode is not the same as the static-
deflection curve. It is believed that the transformstion method which
is outlined on pg. 149 of Ref. 16 makes an approximation of the contribu-
tion of the higher modes and as a consequence is somewhat more accurate.
Idealized Representation of (6L) Model

wa,
/]

g ! t

L = 55.4 i

<

‘ ] I Conjugate Beam

X

Load Transformation Factor

KL = Load applied to equivalent systiem
Load applied to actual system

12k




——

Work done by actual system

L
Va T U2 S A, dx (3.2.35)
Where ox
z&x = wa (x' - Lzz (x - x") dx' (3.2.36)
i
R T ox 12446 x 100 (3.2.37)

Equation 3.2.37 was evaluated on the computer using the moment

of inertia distribution shown in Fig. 3.2.4

ZSx =L 2E
W P —

a T 1244.6 x 102 (3.2.38)

Substituting equation 3.2.38 into 3.2.36

A=_é_m *

% X (x' - L)2 (x - x") dx'
1244

Ix'

O\ll
O

4
°© (3.2.39)

Substituting equation 3.2.39 into 3.2.35 and evaluating the

integral on the computer

W = 927w Ax =1L
a a
Work done be equivalent system
We = 55.84xw, XA, . 277 xw x A (3.2.40)
2 e e
But
W =W
e a
And
A, =D L
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= le o 2L 2030

Va
Mass Transformation Factor

K = Mass of equivalent system
m = Mass of actual system

Kinetic Energy of Actual System

L
2
. = 1/2 S By V() 8

KE =
)
\'i =K
(x) A (x)
Vearn =K B,_p
K = 'x=L
Ax = L
Substituting equation 3.2.43 into 3.2.42
2 L 2
KE = Vx: L m A ax
a El o (x) “(x)
X =

Evaluating the integral on the computer

2

KE, = 0507 V, _ | Ma

Kinetic Energy of Equivalent System

2 L
KE, = 1/2 ve S mey 9%
[o]
2
KEe= .)-1»93 Ve me
m
Kp= 2. = ’?ﬁgg = 0.103
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(3.2.41)

(3.2.42)

(3.2.43)

(3.2.44)

(3.2.h5)

(3.2.4€)

(3.2.47)

(3.2.48)

(3.2.49)




Natural Period

T = 2x Tg
n K
e

(3.2.50)
Mass of Equivalent System

M = M x Km = ,b987 x .103

=
]

.1016 Slugs

Stiffness of Equivalent System

K, = K K = 110.8x 29 x 10% x .350
e a 2
1244.6 x 10
K, = 9040 1b/in
~ [lote  _
Tn = 2 “g0s0 = 0.02105 sec.
£ = 47.5cps

W, = 298 rad/sec

3.2.3.2 DYNAMIC OVERSTRESS FACTOR

The most critical dynamic overstress factor will be determined
from Fig. 3.2.2 using the blast duration from mission No. 3 and the
higher of the two natural frequencies computed for the airload specimen.

a)Dg = 298 x .0440 = 13.15 rad

D.0.F. = 1.49
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3.2.3.3. BENDING STRENGTH OF AIRLOAD SPECIMFN

The total 1ift as presented in Figure 3.2.1 is assumed to be

uniformly distributed over the surfeace of the wing.

) X —~—

]
554

APPLIED DBFMNDIHG MOMENT
X

L 3 ! ! oo
M, = ——iﬁl D.O.F, 5; b (x - x ) ax (3.2.51)
o

where

L(O) = 32700 lb. Fig. 3.2.1

A= T98 in® (area of wing)

D.0.F. = 1.49

~ 8.685 x' (width perpendicular to 50% chordline)
bx, = 10.086 + 554

M, = 61.1 (5.052° + .006223)

The critical loading condition occurs at the rcot as indicated

in Figure 3.2.5.

M .. = 1,200,000 in-1b applied

Me

£, = % vhere . 15:17x 2233 | ) 6oy 1n
) ' '

i

C =

28.8 inh Fig. 3.2.4
= 70,600 psi

. - 1,200,000(1.694)
b 28.8

Allowable bending stress

Fey = 160,000 psi Ult

F,, = 140,000 psi Yield

!
M.S. = ,];_;_0(%)%8 - 1.0 = +.98

128




Bending Moment in-lb x 10%

2.40

woo|— I\

)

L ——Resisting Yield Moment

e
)
]

\
\ \</— Moament-Mission #3
N\

Maximum Applied

.80 A q
w\ \
N\
\\ Y
~.
o N
~
~
~J \\
~ ) \_
~ ~_ I
) 10 20 30 40 50  55.4
Span Length (in.) Along 50% Chord
Fig. 3.2.5 THE MAXIMUM APPLIED BENDING MOMENT AND THE RESISTING

YIELD MOMENT FOR THE ATRLOAD SPECIMEN
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3.2.3.4  SHEAR CONNECTORS

The dynamic reaction of the equivalent system at any time is
simply equal Lo the spring force. However, this is not representative of
the dynamic reaction on the actual beam. In order to determine the
latter, the distribution of the actual inertia forces along the beam
must be considered. It is assumed that the inertia forces are at all points
; coeportional to the ordinates of the deflected shape and the running wass.
ithis is justified, because, if each point is in simple harmonic motion,
the maximum acceleration is proportionsl to the maximum deflection. As a

oncequence, the resultant inertia force outboard of the section in question
wil) be located &t the centroid of the weighted deflection curve.

F’TE”_J— o 22 ;}D Me
Ve

wl F—
I : >

e 554
[~ >
Dynemic Freebody Diagram of (6L) Model
Taking moments about the inertia force

%x3%6—MR-%xl&5=0

M
V. = R+ 12.5 P .
R .____3,7_6_3_ (3,2"5&

Assume that the maximum shear occurs when the dynsmic bending

moment is a waximum. From Fig. 3.2.3, the time at which the peak bending
moment is reached may be obtained.
(,.)tH= 2.94

Ty = -3—9-?— = .00987 sec

t
m . 2007 _ 4 oo
v OO0
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From Fig. 3.2.1
p = 17200 1b

Substituting into equation 3.2.52

20000 + 12, 200

v 37.6

v 38200 1b

it

Capacity of Shear Conmnector -

9

The shear pin will be assumed to be placed in equilibrium
by the linsar stress distribution shown in Fig. 3.2.6. Neglecting
friction between the pin and hole and assuming a linear stress distri-

bution will lead to consegyative results.
bry

for “!ﬂ'lﬂ!ﬁ‘
VAN
'—r‘l for

Ebry

Figure 3.2.6
Assumed Stress Distribution on Shear Connector

130




Integrating the stress in Fig. 3.2.6

T.r/2
- .2 I
vV o= 2L/o’ £, R 8in“6 d6 = -~ Rf (3.2.53)
Summing the moments about point (0)

I 2 . I L

e R Ry X = ORI, G-x) (L-1/3+2/3x)
Solving for fbr

Fb 2
fip = 2/3 W k2. (3.2.54)
3 3

fbr

all
ol

Figure 3.2.7
Bearié%uioad Diagram

Summing the vertical fortes for the free body shown in
Fig., 3.2.7

L - 2
TR F x-_Ef_ber G-x =15 TR

Solving for x

Rig,, + f L

x o (3.2.55)
Py ¢ Toe
4 4
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From the Geometry of the stress diagram

- (& ;
fi. © G x) I‘bry (3.2.56)

X
Substituting equation 3.2.56 into 3.2.5;

x = 3 (3.2.57)

fop = by (3.2.58)

Substituting equation 3.2.57 and 3.2.58 into 3.2.55

_ 16 R Tsay _ 12 R f‘sma
L = 55— = -—F—-———4& (3.2.59)
bry bry

For a round pin

fomay = 133 x s, (3.2.60)

And

- 22 n
v = fgyy TR 2.36 R fSmax (3.2.61)
The load capacity for several shear pin diameters as a function
of shear pin length is summarized in Fig. 3.2.8. The bending stresses on
the shear pins have been neglected. The critical shear load condition
occurs at the root where the minimum margin of safety on yield is

M.S., = fg—ggg - 1.0 = +,072 (See Fig. 3.2.9)

133




50
LEGEND
D - Diameter of /
i Bolt Shaft //
1 /
%0 /
B 7
/ /
; /
‘4 7
é y
\ 30 /
E /
A ¥
g D = 1.00 7
% 20 D = 0.75 /
o D = 0.6 .
> 7
P D= 0.50- 4\_{ :
g . 8 = Fg = 79,000 psi
8 D=0.38 ’ prd Max oY 7
E P
%%
0 :
0 0.k 0.8 1.2 1.6 2.0
Length of Shear Pin-in.
Fig. 3.2.8  LOAD CAPACITY OF SHEAR CONNECTORS FOR AIRLOAD SPECIMEN
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Shear - Thousands 1b/in.

32
2
N e Applied Shear
16 ™ T~ [ owoe .
14 She
] S e
- ‘\ ~ J~
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\ \
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S
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T
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Fig. 3.2.9 THE MAXIMUM APPLIED SHEAR FORCE AND THE YIELD
SHEAR CAPACITY ALONG THE SPLIT PLANE OF THE AIRLOAD SPECIMEN

55.4
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3.2.4 STRUCTURAL SPECIMEN

3.2.4.1 FIRST PRELIMINARY TRIAL

The original preliminary design of the structural specimen was

based on the detailed requirements set forth in the addendum to Purchase

Request NR. 65507. The principal applicable paragraphs are reproduced

as follows:

4.9.3 The specimens shall be designed with sufficient

k.ol

strength to withstand the aerodynamic forces re-
sulting from an induced angle of attack ranging
between 15 and 20 degrees before failure of the
specimen. At a later date, the ASD Project Engineer
will specify the exact angle between 15 and 20 degrees.

The specimens shall be designed to fail at &
particular station. This is required in order that
the problems involved in random (or unknown )
failure locations may be eliminated. Before
selecting the designed break station, the basic
un-modified structure shall be analyzed in a
manner sufficient to predict where a break would
loglcally occur in the un-modified specimen.

After the logical break station has been selected
by analysis, the structure will then be designed
with the modifications necessary that the structural
test specimen will always fail during the tests

at this station.

During a conference held at AAI on 5 April 1960, it was agreed
that the controlled failure be positioned at 25% of the half span length.
During a subsequent conference held at AAI on 10 May 1960, an induced

angle of attack of 15 degrees was specified for the figure to be used in

paragraph 4.9.3 of the specifications. It was also agreed that the bresk
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angle should be slightly sweprt back. On 1% June 1960, another conference
was held during which AAI outlined a design approach which was to use a
peak induced angle of attack of 15 degrees along with the blast load time
history of Mission No. 4 in Table 3.2.1 to determine the ultimate moment at
the break station. The failure line was to be located at the intersection
of 25% of the exposed half span length and the 25% chordline and the bresk
line was to be swept back 15 degrees. This design approach was accepted

as the method to be used for the design of the specimen.

Accordingly, AAI proceeded to design the structural specimen
to reach a condition of incipient failure at an induced angle of attack
of 15 degrees. The amount of postfailure rotation which would occur
during the two destruction runs described as Missions Nos. 5 and 6 in
Table 3.2.1 was not regarded as a design requirement. During the course
of this preliminary analysis, the design approach was drastically changed.
As & consequence, only a cursory summary of the results of this phase
of the design will be presented.

The basic structure selected to meet the original design
criteria is shown in Figure 3.2.10. The compression skin in the break area
vas reduced in thickness to .080 inch, and the spar caps and stringers
were milled down to .064 inch. The failure bay was made 9 inches
between ribs in order to ensure that buckling of the stringers would
occur here rather than in an adjacent bay.
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Lift Load for an Induced Angle of Attack of 15 Degrees
Peak Lift
2
= ~1 la
L= 12 P [v] so, mn [v] (3.2.62)
Particle Velocity

ANt 8 = 1s° |

u = ,268 x 895 = 240 fps |

Peak Overpressure

c
- p Q@ 3§ (
u = x 3.2.63)
o . ép_
[+) -(l + 7o )
5p x 1120
20 = Tx 187 1+ ——6 byt
7 x 14.7
2 -
p° - 1.133p - 19.47 = O
p = 5.02 psi
Air Density )
7+6 B .
L= L I (3.2.64)
pO
6.x 5.02
= 00238 (7+ 14.7 )
7+ 502
1.7

L= .0029, 1lbs
fe
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Peak Dynamic Pressure

2
q = 12t s -Q0RAI20 (3.2.65)
q = 84.5 psf

v = 8952 + 240° = 85.8 x 10% ft%/sec®

Substituting into equation 3.2.62

L

1/2  .0029, x 85.8 x 10% x 5.54 x 5.2 x .268

L

it

9720 1b

In order to determine the dynamic response of the structural
specimen to this load the swept wing will be idealized as a cantilevered
beam whose elastic axis is located along the 50 % chordline as in the
case of the airload model. The moment of inertia and mass distribution of
the idealized specimen is given in Figs. 3.2.11 and 3.2.12. The response
of the structural specimen will be approximated by a single degres of
freedom system. The natural frequency of this system will be determined
using the transformation factor method outlined for the airload model in
Sec. 3.2.3. The results of this analysis, which was performed on the
computer, are summarized below:

Load Factor

KL = 0.381

Mass Factor

Km = 0,198

ko




——

10

l&znentaflna-tia-in""
o

Fig. 3.2.11 MOMENT OF INERTIA OF STRUCTURAL SPECIMEN
NORMAL TO THE 50% CHORD-FIRST PRELIMINARY TRIAL
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Fig. 3.2.12  SPANWISE MASS DISTRIBUTION OF STRUCTURAL

SPECIMEN-FIRST FRELIMINARY TRIAL
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Mass of Equivalent System
2
m_ = .088 x .198 = .0L76 }-be]e—c—

e

Spring Constant of Equivalent System

7
_2x%55.4 x10" x .38
K, = =355 % 103 = 1075 1b/in

Natural Period

T =27 '016
" -EZ(-S—_- 025k

Natural Frequency
£ = 39.4 cps

Wy= 24T rad/sec

The dynamic overstress factor can now be determined from Figure
3.2.2 using the effective blast load duration from Mission No. k.

247 x 00832 = 2.06

w Dp+ =

D.0.F. = 0.55

Bending Moment Distribution at Failure Losd
A X ——

a

(See equation 3.2.51)
M, = Pég)__ D.0.F. (5.05x 2+ .0261 x J)

Where: L(O) = 9720 1b». Figure 3.2.1
A= 798 in? (Area of Wing)
9720 2 3
M, - —,}%—— 0.55 (5.05 x 2 + .0261 x J)
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The critical bending moment at the break line is given as

- in-1b
M(42.9) = 76200

The critical bending capacity at the break line is given as

y o= fexl
u [+]
Where
Fey = 40000 psi 2024 - T4
4
I = 3.30W( See Fig. 3.2.11)
¢ =- 1,73 IN
M = 40000 0 = 76200 1n-1b

1.73

The minimum margin of safety outside of the failure bay occurs
at the root, as seen from Figure 3.2.13.

M., = 230000

13000 - 1.0 = +.€l

The postfailure factor which is defined as the ratio of the
peak-value of the applied load to the meximum value of the applied'
static load required to initiate failure at the break line may be com-
puted for the two destruction Missions Nos. 5 and 6.

0

32700
.55 x 9720 6.12

P.F.F,
The effect of the blast load during Mission No. 6 on the

postfailure hinge rotation is, of course, more severe than during Mission

No. 5 due to its longer duration.
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Fig. 3.2.13 BENDING MOMENT CAPACITY AND DISTRIBUTION AT

FAILURE LOAD FOR STRUCTURAL SPECIMEN-FIRST PRELIMINARY TRIAL
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3.2.4.2 SECOND PRELIMINARY TRIAL

In August 1960, upon the ieccmmendation of MIT and Avidyne,
it was decided to revise the approach to the design of the structural
specimens. The failure line was to be located at the intersection of 25%
of the exposed half span length and the 25% chordline as previously
indicated. However, it was recommended that it be swept back approximately
30 degrees or normal to the structural axis which was taken as the 50%
chordline. In addition, the peak postfailure hinge angle which would
occur during Mission No. 6 of Teble 3.2.1 was to be approximately 50
degrees. The peak postfailure rotation angle which would occur during
Mission No. 5 was to be approximately 5 - 10 degrees. MIT advised that
the leading end trailing edge members be omitted in the failure bay snd
the two stringers previously used in the original preliminary design be
Joined by & web. These latter chenges were deemed necessary in order
to make the fallure bay more amenable to a theoretical postfallure
moment rotetion analysis.

Using this revised approach, the procedure was to first estimate
the ultimte failure moment at the break line required to give a peak
postfailure rotation angle of 50 degrees for Mission No. 6. The postfailire
moment rotation curve could then be computed theoreticelly using the
methods outlined in Ref. 4. The postfailure dynamic response computation
would then be rrogrammed by Avidyne and the necessary structurel and
aerodynamic paremeters supplied by AAI and MIT respectively. The peak
postfailure hinge angles for Missions Nos. 5 and 6 would be checked, cund
if they were not satisfactorily close to the desired values, the
structurce would be adjusted accordingly and the process repcoated




In order to proceed with the revised design approach, it was
necessary to first mske a preliminary estimate of the required ultimate
bending capacity at the break line. Based on the advice of Dr. Hobbs of
Avidyne and Mr. D'Amato of MIT, who have had a great deal of experience
in the areas of postfailure characteristics and response of built-up
sections, a preliminary estimate of 3.5 for the postfailure factor for
Mission No. 6 was selected. In addition, the .asymptotic value of the
postfailurs bending moment was to be approximately 20 % of the ultimate
bending moment capacity. Actually, the peak postfailure hinge angle
is far more sensitive to the asymptotic value of the postfailure bending
moment than to the ultimate bending moment. This fact is quite evident
if & typical postfailure moment rotation curve is considered.

Mp

500
: e
9YPICAL POSTFAILURE MOMENT ROTATION CURVE
For a given amount of energy associated with a finite blast-
induced airloading, the amount of postfailure rotation required to
absorb this energy is primarily a function of the area under the M-©
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curve. For very large failure angles on the order of 40 to 50 degress,
it is obvious that only a very small percentage of this area is changed
for a sizable reduction in the peak bending strength. This conclusion
is based on the assumption that the asymptotic value of the bending
moment is not significantly altered by the reduction in peak strength.
It is obvious that a much greater effect on the peak postfailure hinge
angle can be realized by altering the asymptotic value of the bending
moment. As a consequence, it is logical to employ this factor as the

design variable in the process of converging on an acceptable solution.

Based on these preliminary design requirements, the structural
configuration gradually converged on the final configuration described
in Sec. 3.1 with only minor exceptions. While the heavy strongback
shown in Fig. 3.1.6, located on the tension side of the break line
section, does not seem to reflect good design for a built-up wing speci-
men, it should be pointed out that it is far more economical to achieve
sufficient strength by raising the asympototic value of the postfailure
bending strength than by increasing the peak bending moment capacity.
When the peak value of bending strength is increased at the break line,
the strength of the entire specimen’ must be increased proportionately in
order to maintain an adequate margin of safety on a controlled fallure.

3.2.4.2.1 PRELIMINARY. FATLURE BAY ANALYSIS

The ultimate bending strength of the break line will be
considered first since the rest of the structure will simply be propor-
tioned to provide an adequate margin of safety on a controlled failure.
While the peak bending moment capacity and postfailure moment rotation
characteristics were to be predicted analytically, it was deemed
necessary by MIT and Avidyne that the results be substantiated experi-
mentally. This was to involve a laboratory test of the failure bay and
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a representative portion of the structure on either side. If good

agreement were obtained between the theoretical and experimental results,
then further revisions in the failure bay structure could be predicted
theoretically. If the agreement were not good, then edditional models

would have to be made aud tested as the failure bay characteristics converged

on acceptable values.

Required Peak Bending Strength for P.F.F. = 3.5
(see egquation 3.2.51)

32700 1 2 3
MX= -m— X "3."—5"‘ (5- O)X + -0262)()

@ Breakline 7 = U4h.h

M, = 243500 in-1b

Required Asymptotic Value of Postfailure Bending Strength

M, = .20 x 143500 = 26600 in-1b

A section through the breek line is shown in Fig. 3.1.6.

I=L.lg inh (without leading and trailing edge covers)

- .8237

= $5g - =23

The maximum resisting moment for this section will be computed
utilizing the stability analysis presented in Ref. 13. From Fig. 3
of Ref, 15, it appears that the structure will fail in the local mode.
However, the section is on the borderline between a local and wrinkling
type fallure. As a consequence, both modes of failure will be investigated

to determine an upper and lower limit on the maximum strength.
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Center Spar - Compression Side

g . Ylj,// ) bg=3.45

L 110=t ! 2T ¢ —tr et
ﬁ" 2 b, = .369 1 J"‘%J I E.E

hY

oEs / Tss ]

i -—4-_.-.-— 064 = tw = ———
—ﬁw_-._ .051

B=bw/ty = 2.65/.06, = 1.32
bs/ts 3.45/.110

P/A = 0.875 = 4.65

0.188

bo/,w = 0.369. = 5.77

L0564

Where:
From Fig. 8 Reference 13 f = is distance from centerline.
f/tw = 5.50 of web to poin% at which
skin and spar cap are

f = 0.352 effectively clemped.
f/bw = 0,352 = 0.133

2.65
fts = .352_x .110 = 0.176 & 0.180
tw bs 064 x 3.45
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Peak Strength for Wrinkling Mode of Fzilure

From equation 7 of Ref. 13
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